
































degree of distortion may be extensive or slight, 
depending on the nature and the severity of the 
blood disease. Many shapes of poikilocytes have 
been observed which do not fall into any named 
class characterized by their particular form. 
However, various forms and shapes have been 
described: tailed,* filamented,*® club-shaped,** 
dumbbell,* sickle,>  spherical,® anvil,* tennis 
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met The term “poikilocytosis” was first used by racquet,’  stellate,* tomahawk or hatchet,° 
Quincke ' in 1880 to designate a pathologic con- gourd, teardrop,*” kidney,’ cigar,* sausage 
ar ie dition of the blood in which variously shaped shape,*” horseshoe, oat shape,*” dagger,”* pen- 
= deformed erythrocytes called poikilocytes ap-_ cil,* target,’® dimpled, and boot shaped.*” 
. peared. The poikilocytic condition is character- There are no reports in the: literature which 
rs * ized by various bizarre-shaped erythrocytes indicate that poikilocytosis is a primary disease 
which vary greatly in size and shape. The 


in itself, and no uniform explanation accounts 
for the formation or the presence of the poikilo- 
cytes in the blood: A number of theories have 
been proposed, however: (a) Arneth (cited by 
Kanellis *» and Haden*') expressed the belief 
that poikilocytes are produced in the bone mar- 
row; (b) Isaacs,’* Cunningham,* Dameshek *°” 
and Sydenstricker '* were in agreement on the 
hypothesis that the cells are “congenitally de- 
formed ;” (c) according to Osler,** they are 
produced by an altered condition of the serum, 
whereas (d) Penati '* and Emmel * favored the 
belief that erythrocytes are transformed to 
poikilocytes in the circulating blood. 

Bohrod ** indicated, however; that there is an 
accentuation of the eccentricity of the elliptic 
cell after its removal from the body which 
explains the formation of this type of malshape- 
ness after exposure to the atmosphere. Whether 
or not this theory explains the production of 
poikilocytes, it necessitates caution in handling 
the blood specimen. Other, investigators ‘* have 
also suggested the necessity of careful technic 
in the manipulation of the blood sample in order 
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to avoid confusing the poikilocytes with artefacts. 
Da Costa ™ stated that poikilocytosis is akin to 
crenation so far as the cells in both conditions 
may be similarly distorted and misshapen. It 
is unlike crenation, however, for the reason that 
poikilocytosis is a pathologic condition, demon- 
strable the moment the blood is withdrawn from 
the body, whereas crenation is a physical phe- 
nomenon dependent on external influences for 
its production. Crenation never occurs until the 
blood has remained exposed to the air for some 
time. Osgood and Ashworth *” regarded crena- 
tion as an artefact produced by faulty preparation 
of the blood specimen and stated that the crenated 
forms may be differentiated from the poikilo- 
cytes by the regularly notched outline and 
nodular surface. which are characteristic of all 
of the cells in a particular area. Kanellis,'® 
Cunningham,* and Wintrobe *™ called attention 
to the possible confusion of poikilocytes with 
crenated erythrocytes produced artificially by 
trauma during the preparation of the blood film. 
Other physical influences which distort the 
shape of the red blood cell are: (a) diluting the 
blood sample in saline solution,*’ (b) drying 
blood films slowly,?” (c) heat,** (d) hemor- 
rhage *® and (¢) irradiation with roentgen 
rays.’” Different chemical substances have been 
shown to produce changes in normal erythro- 
cytes resulting in shapes which resemble poikilo- 
cytes. Sodium chloride,’® alkali dissolved from 
mercuric chloride,** lecithin and choles- 
terol,'® and alanine *' are some of the substances 
which will alter the shape of the red cells. 


- 20 
glass, 


Research on poikilocytes occurring alone in 
animals is quite limited. Its occurrence in con- 
studied 
in a secondary manner. Little is known concern- 
ing its cause and mechanism. However, the 
appearance of poikilecytes has been observed and 
described as observed in different species of 
animals and in human beings not only in dis- 
‘ease but also in health. Many workers ** observed 


nection with human diseases has been 
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poikilocytes with many bizarre shapes in blood 
from patients with pernicious anemia. Takeuchi *” 
found filamented red blood cells and detached 
filaments in 69 per cent of observed cases of 
tuberculosis, carcinoma, intestinal disorder and 
fever, in addition to those 


2% 


seen in cases of 
abnormally shaped erythrocytes may appear in 
any case of severe or long-standing anemia. 
Elliptic red corpuscles, according to Florman 
and Wintrobe,** are noted in most 
anemia, and sometimes more than 25 per cent 
of the cells are affected. Da Costa ™ reported the 
general occurrence of small, slightly deformed 
poikilocytes in milder types of anemia and larger, 
extremely distorted poikilocytes in the more 
severe types. Penati ** associated elliptically de- 
formed erythrocytes with pernicious anemia, 
secondary anemia and hemolytic icterus, but he 
found no relationship between the intensity of 
cell deformation and the severity of the anemia, 
although the deformed cells became less notice- 
able with amelioration of the anemia. 


cases of 


Sickle cell anemia (first named by Mason ** 
in 1922 but first described by Herrick) is a 
condition in which a specific and constant type 
of poikilocytosis is with anemia. 
Huck,®” Sydenstricker ** and Alden ** observed 
the sickle cells in the blood of male and female 
patients characterized by anemia and a tendency 
to have ulcers on the legs. Sydenstricker ** 
reported sickle cell anemia occurring with 
abdominal pains and pathologic changes of the 
spleen. Cells of peculiar sickle shapes were 
noted in tissue sections blood films by 
Landon and Lyman** in 1929. According to 
Emmel,** the sickle trait appears to be 
hereditary and occurs most commonly in the 
Negro race although the reports of Hunter and 
Adams,** * and Cooley and Lee 
showed the occurrence of this condition in other 
Van den Bergh * and Huck * demon- 
strated that this condition may be inherited by 
either sex as a dominant trait. 


Dameshek 1° 


acterized by 


associated 


and 


cell 


Lawrence ” 


races. 


reported a type of anemia char- 


target cells, which constituted as 
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much as 32 per cent of the erythrocytes, and 
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resembling somewhat Cooley’s sickle cell anemia. 
He designated this condition “‘target-cell anemia”’ 
although this type of cell was found to be-associ- 
ated with other types of anemia. Bohrod *® 
stated that the target cells appear for a short time 
in acute types of anemia but disappear as the 
erythrocyte count rises. In chronic types of 
anemia the target cells exist for a long period 
in quantities as great as 10 per cent of the 
erythrocytes. Haden and Evans “ observed tar- 
get cells in several different types of anemia but 
found them in great numbers in sickle cell 
anemia. Wintrobe *™ associated various undif- 
ferentiated poikilocytes and target cells with 
Mediterranean anemia. Isaacs‘? in studies of 
blood films of patients having miliary lesions of 
the bone marrow observed abnormal shapes in 


some of the red blood cells. The presence of 


poikilocytes in myelogenous leukemia and 
chlorosis was indicated by Emmel.*™ 
Mrowka “’ reported the presence of red 


corpuscles of spindle or elliptic shape in the 
blood of horses suffering from infectious anemia. 
Poisonous elaborated by many 
helminths regarded by Hutyra and 
Marek * as a cause of poikilocytosis and anemia. 
Bernhard ** reported what he termed 
poikilocytosis,” was accompanied by 
anemia and a splenic tumor. Apinis ** observed 
filamented red blood cells in the blood of horses, 
cattle, sheep, dogs, cats, rabbits, pigs and chick- 
The filaments varied for different animals 
distinctive Thin filaments 
noted on the erythrocytes of hogs, very long 
filaments on those of chickens and button-like 
structures on those of sheep and cats, and gran- 
ulation was noticeable in the red blood cells of 
the horse. He gave no description of the erythro- 
cytes observed in the blood of cattle. O’Reke * 
Whitlock * sickle cells, stellate 
cells, rod-shaped cells and other poikilocytes in 
the blood of Hanke and re- 
ported poikilocytes in the blood of guinea pigs 


substances 
were 


“oval 
which 


ens. 


In a manner. were 


and observed 


4 


deer. Koessler 


showing symptoms of scurvy. The observation 
of spindle-shaped poikilocytes in fowl’s blood 
was made by Gordon. 

Vawter ** made microscopic examinations of 
the blood of dairy cattle and found poikilocytosis 
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associated with anaplasmosis. He concluded that 
this is one of several clinical findings which dis- 
tinguish anaplasmosis from bacillary hemoglo- 
binuria (or red water disease) in dairy cattle. 
Blount ** noted a few sickle cells in the blood of 
a day old calf which he thought were artefacts. 
He observed no poikilocytes in the normal adult 
bovine animal. Neal and Ahmann ** reported 
that anisocytosis and poikilocytosis were ob- 
served in their studies of anemia in dairy calves 
of Florida. Knoop and others ** showed a 
photomicrograph of a blood smear from a milk- 
fed calf with severe anemia which demonstrated 
extensive poikilocytosis. 

From a review of the literature it is obvious 
that only limited studies have been made of 
poikilocytosis in bovine animals. The object of 
this paper is to report the occurrence arid the 
symptoms of poikilocytosis and the association 
of the health and disease of 
dairy animals receiving various farm rations. 


condition with 


PROCEDURE 


Calves of different ages representing Holstein, 
Guernsey, Jersey and Ayrshire breeds, cows represent- 
ing Holstein, Guernsey and Jersey breeds, 5 cows with 
fistula of the rumen in the herd of the Michigan State 
College and dairy animals in herds on farms of Michigan 
were used in this investigation. The major portion of 
the data, however, was derived from calves in the experi- 
mental herd of the Michigan State College. 

The animals in most cases were bled weekly and often 
several times during the week. Jugular blood was used 
for microscropic examination, hemoglobin determinations 
and other tests employed in the investigation. All blood 
samples except those used for microscopic examination 
were collected in test tubes containing lithium citrate as 
the anticoagulant. Since several authors have indicated 
that contaminatior! with certain reagents and faulty 
manipulation in preparing a specimen for examination 
may result in artefacts which resemble the poikilocyte, all 
known precautions were employed to avoid these errors. 
Only freshly shed blood was used since the common anti- 
coagulants are salts capable of increasing the osmotic 
pressure sufficiently to effect possible alterations of shape. 
Immediately after the blood was drawn, a small drop was 
placed on a clean side, spread over its surface with a 
clean coverslip and dried as rapidly as possible. 

Some hanging drop preparations were made also as a 
check on the blood smears, with an isotonic solution of 
sodium chloride or blood plasma being used as the sus- 
pension medium. A few drops of blood were drawn 
through a paraffin-lined rubber tube attached to a paraf- 
fin-lined bleeding needle which was submerged below the 
surface of the suspension medium contained in a recep 
tacle. This appargtus prevents direct contact of the 
blood with the atmosphere. The blood was mixed in the 
medium and the hanging drop was prepared and sealed 
in a depression slide for microscopic examination. 
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Weekly hemoglobin determinations were made by the 
method of Sanford, Sheard and Osterberg.*® Standard 
procedures were employed for the blood cell count and 
the determination of cell volume. 


RESULTS 


Incidence of Poitkilocytosis—During _ the 
course of this investigation the blood from 423 


TasL_e 1.—Distribution of Given Degrees of Poikilo- 
cytosis in Affected Animals 








Percentage of Affected Animals 


Poikilocytes, ——— —-—— 

Range Number Percentage 
Bb Bivens deltivoe covedosedeqictdied 81 34.7 
EE OR ee errr rt Tee eT 3l 3.2 
Be  Gic cdbccdeddddadedicvcceecece . 21 9.0 
in 1 chdbené bac seneneeeeseoeees 13 5.5 
Sr @ Mibutdedeecocccésbccescecsccse 19 8.1 
i Mi enils £606 casbeeodeneatbaaecos 15 6.8 
De Mba dectesséetcctscocesecies 9 3.8 
tea beled dcbuk 6 ot es ce decdsses 12 5.1 
sec edddebceseetdcecgseese 18 78 
Be ED Gbewedcocedevecncvdercetoes 14 6.0 
Pansat vondebesksoreetetes 233 100.0 





animals was studied, 190 of which showed no 
evidence of poikilocytosis. The number and 
the percentage of animals affected with poikilo- 
cytes and the percentage of poikilocytes in the 
blood are shown in table 1. In 78 animals the 
poikilocytes constituted more than 51 per cent 


TasLe 2.—Incidence of Poikilocytosis in Three Different 
Herds in One Community 








Hemoglobin 


Percentage Content, 
of Gm. per Red Blood 
Animal Poikilocytes 100 Ce. Cell Count 

Unaffected Herd 
Rl 0 13.7 
R2 0 12.5 6udeneers 
R3 0 11.2 7,340,000 
RA 0 12.5 sepeoncce 
R5 0 10.1 
R6 0 11.7 biséb cscs 
R7 0 12.8 6,940,000 
R8 0 11.3 a 
R9 0 10.9 
R10 0 pe ft i eal cceeee 

Affected Herds 
NI vie) 10.5 8,530,000 
N2 95 114 8,100,000 
N3 95 weeny.) oli Pmedeabess 
N4 DO _—-. * “4 | beeomeeee 
Tl » 4.3 7,480,000 
T2 65 13.3 pintdateue 
T3 95 10.5 10,100,000 





of the total red blood cells; in 53 animals, more 
than 61 per cent; in 44, more than 71 per cent; 
in 32, more than 81 per cent, and in 14, more 
than 91 per cent. 

It was observed that one or more herds in a 
community would tend to show a high incidence 
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of poikilocytosis while the neighboring herd or 
herds would be entirely free from this condition. 
Table 2 shows data on two herds with poikilocy- 
tosis and an unaffected herd in the same com- 
munity. 

Biconcave Disk-Shaped Erythrocytes.—The 
microscopic observations of the blood smears 
from the 423 animals reveal that 190 had normal 
biconcave disk-shaped erythrocytes. Symmetric 
regularly outlined round corpuscles with trans- 
parent-appearing centers suggesting biconcavity 
were noted. By the use of the hanging drop 
preparation, in which the erythrocytes could be 
observed from many different angles, it was 
found that the predominant shape of the erythro- 
cytes in normal, healthy dairy cattle is the bicon- 
cave disk. Figure 1 shows a photomicrograph of 
a blood smear of a representative animal show- 
ing the normally shaped red corpuscles. 

Poikilocytes.—Almost all of the shapes of the 
poikilocytic cells described in the literature were 
observed in this study. In addition, many other 
bizarre forms were seen to which no descriptive 
name has been applied. The most prevalent 
poikilocyte encountered consists of a “body”’ of 
variable shape and size from which tail-like 
structures protrude. The tail-like protrusions 
varied from 2 to 7 microns in length. The num- 
ber of tails per cell commonly varied from one to 
five and were arranged in a haphazard fashion 
around the body of the cell. Frequently, cells 
possessing a round “body” were observed to have 
one or two of the protruding structures. The 
tail-like structures were a definite part of the 
cell and were stained homochromically with the 
rest of the cell. The severity of the poikilocytic 
condition seemed to be associated with the length 
of the tail-like protrusions. Figure 2 is a photo- 
micrograph of a blood smear showing many 
shapes of poikilocytes in the blood of a represen- 
tative animal. 


Many other shapes suggestive of the following 
objects were seen: urn, half moon, star, oval 
cell, sickle, tear drop, pipe, horseshoe, kidney, 
tennis racquet, Christmas tree, gondola, toma- 
hawk, dagger, oat, sausage and gourd. All of 
them often appeared with tail-like or filamented 
structures identical with those already described. 
The degree of distortion of cell and irregularity 
of shape was more accentuated in the bloods that 
contained the larger numbers of poikilocytes. 
The extreme contrasting appearance of normal 
erythrocytes and severely poikilocytic cells is 
best illustrated by an examination of figures 1 
and 2. 

Cells with Crenation Induced by Hypertonic 
Saline Solution.—It was observed early in this 
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investigation that the possibility of confusing 
poikilocytes with crenated corpuscles was slight. 
Crenation induced in normally shaped corpuscles 
with 2 per cent saline solution is manifested by 
, a somewhat symmetric and regular arrangement 
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phenomenon was seen on the surface of the 
corpuscle as well as at the periphery. A com- 
parison of the poikilocytes in figure 2 with the 
crenated forms in figure 3 evidences this observa- 
tion. The crenated shapes in figure 3 are those 
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Fig. 1—Photomicrograph of a blood smear showing normal bovine biconcave disk-shaped erythrocytes; 1,270. 
Fig. 2—Photomicrograph of a blood smear showing poikilocytic cells; x 1,270. 


Fig. 3.—Photomicrograph of a-blood smear showing crenated cells produced from the same normal corpuscles 


shown in figure 1; X 1,270. 


of nodular or short spinelike structures around 
the periphery of the corpuscle when viewed in a 
blood smear. In hanging drop preparations this 


induced in the normal corpuscles shown in fig- 
ure 1 with 2 per cent saline solution. The regular 
arrangement of nodules and other features of 
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the crenated forms offer a sharp contrast to the 
different bizarre forms exhibited by the poikilo- 
cytes in figure 2. 

Several stages of crenation were observed 
which were apparently due to the severity of the 
process. In the early stage the corpuscle dis- 
plays slight wrinkling and bulging of the surface 
and the periphery. Later in the process the 
wrinkled and bulged foci of the cell become more 
intensified in the form of knobs or spinelike 
nodules. These structures appear to develop 
into longer, protruding coarse filaments, which 
are arranged in a regular fashion around the 
cell, and later finer, fuzzy, hairlike processes 
develop in place of the coarser protrusions. 

Health of Animals Affected with Poitkilocy- 
tosis —The health of the animals whose blood 
showed 50 per cent’ or more of the total red 
corpuscles to be poikilocytes was usually sub- 
normal. Anorexia was the outstanding symptom 
that accompanied high incidence of poikilocytosis. 
In some instances, however, depraved appetite 
was manifested by the animal’s chewing of wood. 
Other symptoms shown by the affected animals 
were general thinness and roughness. The hair 
was long and shaggy and had a hard, dry 
appearance. Noticeable features shown by the 
animals were a marked retardation of 
growth and a general unthrifty condition. 


young 


The poikilocytic status of the affected animals 
was not influenced by the plasma concentration 
of calcium, inorganic phosphorus or magnesium 
or by the hemoglobin content or the number of 
or the volume of red cells, the values 
obtained did not reveal any constant feature that 
could be associated with the degree of severity 
of the poikilocytosis. 


since 


COMMENT 


In order to make a study of poikilocytosis in 
dairy cattle it necessary to establish a 
standard for the normal shape of the erythrocyte, 
especially since the reports in‘ the literature are 
controversial and quite limited with regard to 
bovine animals. The red corpuscles of animals 
which were apparently normal in all respects 


was 


showed a circular biconcave disklike shape when 
observed in hanging drop or blood smear prep- 
arations. The, hanging drop preparation in 
which the corpuscles were suspended in either 
of sodium blood 


plasma was particularly adapted to the study 


isotonic solution chloride or 
of corpuscular shape “in vitro”’ since it permitted 
the observation of the corpuscle from many dif- 
ferent viewpoints. The stained red cells in blood 
smears showed a round, regular outline and a 


heavily stained rim at the periphery of the cell 
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with a light or nonstaining inner portion, sug- 
gesting a biconcave disk shape as the normal 
erythrocyte shape. No investigation has defi- 
nitely established the normal in vivo shape of the 
bovine erythrocyte, and the studies of the nor- 
mal shape in vitro are also recorded in a some- 
what contradictory manner. The form observed 
in this study, however, is in close agreement 
with the bovine corpuscular shape described by 
Blount.** 


Many investigators have shown that normally 
shaped corpuscles manifest alterations in con- 
formation as a result of Raving been contami- 
nated by different physical and chemical agents 
during the preparation of the blood specimen. 
Since the occurrence of such artefacts would 
result in confusion in the study of cell shape, 
every precaution was taken to avoid those agents 
which are capable of effecting changes in the 
shape of the cells. Crenated corpuscles were 
reported ** to be the artefacts most commonly 
encountered and those most nearly resembling 
the poikilocytes. It was found during this inves- 
tigation that the chances of confusing the cre- 
nated forms with the poikilocytes were slight, 
especially since only those cells in the latter 
stages of crenation bear any similarity to the 
poikilocytes. The outstanding distinguishing 
characteristic observed was the regular arrange- 
ment of the protrusions from the crenated cell as 
compared with the haphazard arrangement of 
those of the poikilocyte. 

Most of the studies of poikilocytosis reported 
in the literature concerned its occurrence in 
man, and included the condition mainly as a 


secondary interest in connection with other dis- , 


eases. Although the deformed red cells have 
been observed in the blood of several of the 
lower animals, the reports of the occurrence of 
these in the type of animal 
limited to their association with anemia in calves 


cells bovine are 
and with anaplasmosis in dairy cattle. 

Assuming the normal “in vitro” erythrocyte of 
dairy cattle to be a circular biconcave disk-shaped 
cell, many of the bizarre shapes of poikilocytes 
described in the literature were observed in the 
blood of 233 of the 423 animals studied during 
this investigation. Many of the deformed cor- 
so irregular in shape that -no 
The 


majority of the poikilocytes observed in the 


puscles were 


particular name could describe them. 


blood of the animals severely affected with the 


disease were generally classifiable in the latter 


nondescript group of poikilocytes. Deformed 


cells classed in this category consisted of a 


41. Osgood and Ashworth.?” Da Costa.7@ 
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REID ET 
body portion from which pseudopodium-like 
processes protruded which gave the pvikilocyte 
a striking configuration. The degree of cell dis- 
tortion seemed to be correlated directly with 
the severity of the condition, the erythrocytes 
of more severely affected animals manifesting the 
greater deformation. This observation is in 
agreement with Da Costa’s™ finding that the 
blood of human beings shows poikilocytosis. 

In a given vicinity it was found that one entire 
herd would manifest the condition while a neigh- 
boring herd would be completely unaffected. The 
condition appeared rather widespread, and the 
incidence of affected animals was high—55.1 
per cent of the total number of animals studied. 

Although an occasional mature animal mani- 
fested poikilocytosis, the young animals and the 
calves were more frequently affected. Usually 
health was subnormal in animals whose blood 
showed 50 per cent or more of the total cor- 
puscles as poikilocytes, and at least 1 animal 
showed unthriftiness when only 35 per cent of 
the cells were poikilocytes. 

The blood pictures of the affected animals 
failed to disclose any item that could be associ- 
ated constantly with poikilocytosis. Anisocytosis 
appeared frequently in the blood of animals with 
normal erythrocytes as well as in the blood of 
those showing poikilocytes and was, therefore, 
of consequence. Although 
the photomicrographs published by Knoop and 
co-workers *” 


not considered any 
indicated the occurrence of poikilo- 
with anemia in 
calves, the present investigation revealed that 


cytosis in association severe 
the hemoglobin content, the red blood cell count, 
the red blood cell volume and the average cor- 
puscular hemoglobin values were independent 
not only of the incidence of poikilocytosis but 
also of the degree and severity of cell distortion. 
The hemoglobin content of the blood of the af- 
fected animals ranged from 4.4 to 15.9 Gm. per 
The blood 
of the animal which had the lowest hemoglobin 


25 


value showed only 2 


hundred cubie centimeters of blood. 


per cent as many poikilo- 
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cytes as the animal whose blood had the highest 
hemoglobin value. It was observed, however, 
that many of the animals whose blood had a low 
hemoglobin concentration showed the presence of 
poikilocytes but that not all of the animals 
affected with poikilocytosis had a low concen- 
tration of hemoglobin in their blood. 

In this study observation was made of some 
dairy herds manifesting poikilocytosis while 
neighboring herds were unaffected. Since the 
rations fed’ to these animals varied greatly in 
kind and quality, it is assumed that the presence 
of poikilocytes in the blood was to a large extent 
attributable to a nutritional deficiency. Some 
of the dietary factors involved in the control of 
poikilocytosis in dairy cattle will be presented in 
a subsequent paper. 


SUMMARY 


Dairy cattle ranging from young calves to 
mature cows were used in a study of the occur- 
rence and the symptoms of poikilocytosis. 

The normal erythrocytes of dairy cattle “in 
vitro” have a circular biconcave disk shape when 
from a surface view and have the 
appearance of a dumbbell when observed from 
an edge view. 


observed 


The possibility of confusing poikilocytes with 
the artefacts produced in crenation is negligible. 

The distribution of poikilocytes among the 
233 affected animals varied up to more than 91 
per cent of the red corpuscles (see table 1). 

The symptoms manifested by the animals with 
severe poikilocytosis were: anorexia, thinness, 
unthriftiness, a dry and harsh condition of the 
hair coat and, in young animals, a retarded rate 
of growth. Depraved appetite was frequently 
observed. 

The of poikilocytosis in dairy 
cattle is independent of the hemoglobin content, 
the number and the volume of red blood cells and 
the calcium, inorganic phosphorus and mag- 
nesium contents of the blood. 


occurrence 
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REPRODUCTION 
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OF MADUROMYCOTIC 
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NEW YORK 


Up to the present time (1945) twenty-two spe- 
cies of fungi belonging to ten genera and four 
families have been implicated in the production of 
the various types of maduromycosis. In spite of 
this multiplicity of causes, the different types clin- 
ically may resemble one another closely, and in 
some instances they may also resemble actino- 
mycosis, especially if the latter disease is confined 
to a lower extremity as is maduromycosis in many 
cases. Clinically, cases of maduromycosis may 
be divided into three groups. In all of them the 
lesions are limited to the part which was origi- 
nally infected, as the foot, the hand, the knee, the 
neck or the face. Unlike the changes one finds 
in actinomycosis, the deeper viscera seem never 
to become involved, nor does it appear that 
maduromycosis has been encountered in cattle 
or other lower animals. In one group of cases 
the changes are confined to superficial structures 
in the form of granulomatous lesions of the skin 
or of the skin and the subcutaneous tissues. In a 
second group of cases there are one or more 
circumscribed fibrous, fatty or, occasionally, 
cystic nodules, usually without ulceration of the 
overlying skin. In 1 case belonging to this group 
a solitary tumor-like growth on the dorsum of 
the foot had been present for eighteen years. The 
third, and perhaps the commonest variety, is 
characterized by the presence of multiple sub- 
cutaneous nodules varying in diameter from one 
to several centimeters. These nodules are 
movable, painless and nontender. Spontaneously, 
or sometimes as the result of injury, the super- 
ficial nodules rupture and discharge mucopuru- 
lent material containing white, yellow or black 
granules, the color of the granules depending on 
the type of fungus concerned. Finally, the affected 
part becomes riddled with sinuses which pene- 
trate muscle, fat and even bone. 

Symmers and Sporer ' have shown that there is 
a series of distinctive histologic changes in a 
variety of black grain maduromycosis which is 


From the Laboratories Goldwater 
Memorial Hospital. 
1. Symmers, D., and Sporer, A.: 


309, 1944. 


of Pathology, 


Arch. Path. 37: 
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caused by the presence in the tissues of a fungus 
composed of septate and branching mycelial fila- 
ments and chlamydospores, the latter predomi- 
nating. They described three types of granuloma 
of different degrees of maturity occurring in the 
midst of cellular and well vascularized granula- 
tion tissue which is richly infiltrated by foam 
cells. The youngest granulomas consist almost 
exclusively of clumps of brownish black chlamy- 
dospores embedded in accumulations of poly- 
morphonuclear neutrophilic leukocytes. The 
older granulomas are more or less sharply cir- 
cumscribed by connective tissue, and most of them 
are arranged around collections of multinuclear 
giant cells containing phagocytosed necrotic 
chlamydospores. In the case recorded by Sym- 
mers and Sporer efforts to cultivate the fungus 
on various artificial mediums were continued 
over a period of several months but were unsuc- 
cessful. The object of the present paper is to note 
the results of subsequent successful efforts to 
cultivate the causative fungus from the tissues 
of the same patient and to describe the changes 
produced by inoculating the subcutaneous tissues 
of rabbits with black grains freshly removed from 
the patient’s hand and with the fungus that was 
grown on artificial culture medium. The patient 
from whom the fungus was isolated was a white 
man aged 67, a clerk, who stated that in 1935, two 
years before admission to the hospital, he fell 
and scraped his right hand on an old and partially 
decayed wooden floor, “picking up many splin- 
ters.” Two or three weeks later, the right hand 
became swollen, and multiple pustules appeared 
with black dots in them. At the time of the pa- 
tient’s admission the hand was greatly swollen 
and showed many nodular formations on both 
the palmar and the dorsal aspect. Some of these 
nodules contained sinuses which discharged yel- 
lowish pus containing black granules. The causa- 
tive fungus was recently identified by Dr. C. W. 
Emmons? as an organism which was first de- 
scribed by Langeron * in 1928 under the name of 


2. Emmons, C. W.: 
author. 
3. Langeron, M.: Ann. de parasitol. 6:385, 1928. 
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SYMMERS—EXPERIMENTAL MADUROMYCOSIS IN RABBITS 


Torula jeanselmei and was isolated from maduro- 
mycosis of the foot. However, Dr. Emmons re- 
gards the fungus as a species of Phialophora and 
transfers it to that genus under the designation 
of Phialophora jeanselmei. 


EXPERIMENTAL INOCULATION OF RABBITS 


Granules of fungus that had been treshly removed 
from the hand of a patient with maduromycosis or 
that had grows after inoculation on artificial culture 
medium (Sabouraud’s agar with 6 per cent dextrose and 
liver extract) were crushed in sterile salt solution and 
injected into the subcutaneous tissues of rabbits just 
below the level of the interscapular fat pads. This 
method of introduction was selected in order to dupli- 
cate as nearly as possible the route followed by the 
fungus when man is infected through the skin by pricks 
of contaminated thorns or as the result of other super- 
ficial and apparently trivial injuries. Each rabbit was 
inoculated on only one occasion and at one point only, 
although liberal quantities of fungus were distributed 
through the point of injection into different areas cov- 
ering a radius of 4 or 5 cm. It was thought that local 
reactions would occur resulting in the formation of 
multiple nodules corresponding to the places where the 
fungus had been deposited. In this regard the results 
were disappointing. The injected granules seemed in- 
variably to gather at a common point so that in each 
rabbit only a single nodule occurred. The nodules were 
excised, with the animal under local anesthesia, at 
intervals varying from three to one hundred and twenty- 
six days. The tissues were fixed in 4 per cent formal- 
dehyde solution and embedded in paraffin. Microscopic 
examination showed essentially the same changes as 
those described by Symmers and Sporer in a variety 
of human maduromycosis. As in man, the lesions in 
the rabbit consisted of localized granulomas of different 
degrees of maturity displayed against a background of 
moderately well vascularized and cellular or irregularly 
sclerotic granulation tissue. In those nodules which 
followed injections of fungus directly removed from 
the patient, the granulation tissue contained great num- 
bers of foam cells, and the granulomas were formed 
around necrotic and fused chlamydospores together with 
occasional necrotic mycelial filaments, thus duplicating 
the histologic changes described by Symmers and Sporer 
in the tissues of a human patient with maduromycosis. 
On the other hand, in those nodules which were pro- 
duced experimentally in rabbits by the artificially grown 
fungus, the granulomas were formed around apparently 
well preserved mycelial filaments and chlamydospores. 

Reifenstein, Ferguson and Weiskotten* have shown 
that in physiologic circumstances the lymphocyte is the 
prevailing cell in the rahbit’s blood, polymorphonuclear 
neutrophils occurring in relatively small numbers. 
Eosinophils are present in practically the same num- 
bers as in the blood of man. From this it follows 
as a matter of no surprise that the earliest inflamma- 
tory changes in experimental maduromycotic lesions 
in rabbits are attended by preponderant exudation of 
lymphocytes, although in both the acute exudative and 
the chronic productive inflammatory lesions it is aston- 
ishing to note how often there are great numbers of 
eosinophils. 

For purposes of comparison, rabbits were inoculated 


with artificially grown fungus that had been suspended 


4. Reifenstein, G. H.; Ferguson, J. H., and Weis- 
kotten, H. G.: Am. J. Path. 17:219, 1941. 
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in salt solution and autoclaved for fifteen minutes on. 
three successive days at 260 C. under a pressure of 
20 pounds (9 Kg.). The structure of the autoclaved 
fungus appeared to be intact, and cultures were nega- 
tive. During that period of experimentation on rabbits 
when it was desired to inject granules that had been 
removed directly from the patient and killed by auto- 
claving, no granules were available because all the 
sinuses in the patient’s hand were closed and had 
apparently healed completely. 

Granules that had been freshly removed from the: 
sinuses in the patient’s hand were injected into rabbit 1 
April 26. On June 23, fifty-eight days after this injec- 
tion, a solitary subcutaneous nodule had attained the 
size of 0.7 by 0.3 by 0.3 cm. The nodule was elevated 
above the surface of a fat lobule to which it was 
attached and was well circumscribed. It was faintly 
yellowish and speckled with black. Occasional black 
specks lay free in the surrounding fat tissues without 
visible evidence of reaction around them. Microscopi- 
cally, the nodule was surrounded by moderately well 
vascularized and cellular connective tissue, which in 
one or two places enclosed small lymph follicles. The: 
body “of the nodule was composed of irregularly scle- 
rotic granulation tissue in which there were numbers 
of eosinophils, many fibroblasts, a sprinkling of lympho- 
cytes, innumerable foam cells and circumscribed granu- 
lomas in different stages of maturity. The youngest 
granuloma was made up of collections of dark brown, 
degenerate and clumped chlamydospores, along the 
edges of which were pinkish-staining short projections 
representing necrotic mycelial remnants, the whole em- 
bedded in collections of lymphocytes, polymorphonuclear 
neutrophilic leukocytes and eosinophils, many of them 
necrotic (fig. 1). In other parts of the nodule there 
were numbers of rounded or oval mature granulomas 
which were encapsulated by fibroblastic connective 
tissue, enclosing variously sized clumps of similarly 
pigmented and necrotic chlamydospores and numbers 
of eosinophils. In some of the encapsulated, mature 
granulomas there were multinuclear giant cells, which 
showed phagocytosed chlamydospores in their cytoplasm 
(fig. 2). In other words, histologically, both the non- 
encapsulated, immature and the encapsulated, mature 
granulomas were practically identical with the same 
sort of granulomas which occur in the tissues of human 
patients with maduromycosis. 

Two cubic centimeters of a suspension of living, arti- 
ficially grown fungus was injected into rabbit 2 June 7. 
The animal died three days later. At necropsy there 
were two small clumps of blackish material near the: 
point of injection. The tissues in the immediate vicinity 
appeared to be edematous. Otherwise necropsy revealed 
nothing of note in the present connection. Microscopic 
examination showed several large and small, rounded, - 
oval or irregularly outlined clumps of brownish, appar- 
ently well preserved fungus surrounded by mantles of 
lymphocytes. Beginning encapsulation was indicated 
by the presence of a delicate but incomplete layer of 
fibroblastic connective tissue (fig. 3). The granulation 
tissue in the immediate proximity of most of the granu- 
lomas was edematous and coritained scattered collec- 
tions of fungus with no indication of reaction around 
them. 

Two cubic centimeters of a suspension of living, arti- 
ficially cultivated fungus was injected into rabbit 3 
June 6. June 21, fifteen days after the injection, a 
nodule measuring 0.5 by 0.5 by 0.5 cm. was removed 
from the subcutaneous tissues. It was freely movable 
and sharply circumscribed. On section the center 
of the nodule was composed of whitish, glistening firm 
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Fig. 1—Photomicrograph of an immature granuloma showing an irregularly outlined clump of pigmented 
chlamydospores and, at the periphery, numerous lightly staining short projections representing necrotic mycelia, ~ 
the whole embedded in a matrix of leukocytes. From rabbit 1, inoculated with black granules freshly removed 
from a patient with maduromycosis of the hand; hematoxylin and eosin; paraffin section; x 396. 
-* . . . . rr a 
Fig. 2—Photomicrograph showing two mature granulomas with clumped and pigmented chlamydospores. The 
lower granuloma is almgst completely encapsulated and shows multinuclear giant cells with phagocytosed chlamydo- wA_ 
" . . Py . ° . ° 2 . by > 
spores. From rabbit 1 inoculated with black granules freshly removed from a patient with maduromycosis of the 
hand; hematoxylin and eosin; paraffin section; x 200. ~ 
*~ 
Fig. 3.—Photomicrograph of an immature granuloma showing a central collection of chlamydospores, short 
mycelia at the periphery and an admixture of lymphocytes. From rabbit 2 inoculated with living, artificially ~ >: 
grown fungus; hematoxylin and eosin; paraffin section: x 316. 
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tissue while the jiecriphery was light brown and nuiner- 
ous minute biack specks were visible in it. Microscopic 
examination showed an edematous and delicate fibrillar 
connective tissue capsule. At one side of the nodule, 
immediately under the capsule, were large collections 
of lymphocytes scattered through which were clumps 
of brownish, apparently well preserved fungous cells. 
To the inner side there was a large field made up of 
granulation tissue which in places was richly vascular- 
ized by thin-walled capillary blood vessels lying in 
collections of eosinophils and moderate numbers of 
lymphocytes. In other places the granulation tissue 
was traversed by intercommunicating bands of poorly 
cellular, occasionally hyalinized connective tissue sur- 
rounding islands made up of capillary blood vessels, 
numerous eosinophils and a few lymphocytes. In one 
part there was a large granuloma which was circum- 
scribed by fibrillar connective tissue. The body of the 
was made up of a central collection of 
eosinophils, while in the immediate vicinity was a soli- 
tary multinuclear giant cell rimmed at one edge by a 
layer of brownish phagocytosed fungous cells (fig. 4). 
Lving free in the tissues of the granuloma was a small 
mass of apparently well preserved fungus. In still 
the granuloma contained several non- 
nucleated large protoplasmic bodies representing, prob- 
ably, immature giant cells. 


granuloma 


itther places 


\ suspension of living, artificially cultivated fungus 
injected into rabbit 8 June 6. July 10 it was 
noted that there was a freely movable nodule imme- 
diately beneath the skin near the point of injection. 
[he nodule measured approximately 0.5 cm. in length 
and was blackish. The mass was removed August 2, 
fifty-seven days after the injection. On removal the 
nodule was oval? measured 1 by 0.4 by 0.4 cm. and 
speckled with black. It was surrounded by a 
smooth, glistening capsule. In the immediate vicinity 
were several minute black granules which lay free in 
the tissues without any obvious reaction around them. 
Microscopically, the nodule was surrounded by a thin 
capsule of mature connective tissue. The body of the 
nodule made up of numerous large and small 
clumps of fungus consisting of apparently well pre- 
served brownish chlamydospores and short segmented 


Was 


Was 


was 


and occasionally branching mycelial filaments, likewise 


brownish, lying among masses of necrotic lymphocytes. 

Large quantities of a suspension of living, artificially 
grown fungus were injected September 26 into rabbit 
12. January 30, hundred and twenty-six days 
later, a subcutaneous nodule was removed. It measured 
1.8 by 0.8 by 0.4 cm., and, on section, was composed 


one 


an outer smooth whitish hyaline layer and a core 
yellowish granular material, each measuring about 
0.2 cm. in thickness. No black granules were visible 
Microscopically, the outer part of 
the nodule was composed of thick hyalinized connective 


» the unaided eye. 


tissue, beneath which there were large numbers of 
fibroblasts and foam cells. Frozen sections stained 
ith sudan IV showed numerous fat globules in the 
cytoplasm of many of the fibroblasts and in all of the 
am cells; the latter cells were obviously derived from 
the former. The center of the nodule was composed 


necrotic lymphocytes, among which were variously 


Size 


1 clumps of apparently well preserved fungous cells 


iv @ iree or 


enclosed in the cytoplasm of multinuclear 


giant cells. 


Large quantities of artificially grown fungus which 
had been suspended in salt solution and killed by auto- 
aving were injected into rabbit & June 28. July 1 
quantity of blackish tissue measuring 0.6 by 0.4 by 
13 cn vas removed Microscopically, it was com- 
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posed of variously sized collections of well preserved 
brownish fungous cells embedded in large accumulations 
of lymphocytes. In some of the serial sections there was 
a solitary immature small granuloma which contained 
a central collection of fungous cells surrounded by a 
mantle of lymphocytes and, at the periphery, by a deli 
cate layer of fibrillar connective tissue, the whole cor- 
responding histologically to the youngest form of gran- 
uloma encountered in human maduromycosis and to 
the experimentally produced granuloma in rabbit ‘2. 

A suspension of killed fungus was injected into rabbit 
11 July 28. September 20, fifty-four days later, a nodule 
was removed which measured 1 by 1 by 0.3 cm. The 
nodule was covered by a filmy connective -tissue capsule 
and was freely movable; it was mottled in pink, black 
and yellow, lobulated, tense in consistency and flattened. 
Microscopically, it was surrounded by an irregularly 
vascularized fibrillar connective tissue capsule. The 
body of the nodule was composed almost exclusively 
of rather large rounded cells with poorly chromatic, 
vesicular nuclei and pinkish-staining granular or finely 
reticulated cytoplasm, morphologically suggesting foam 
cells in miniature. They were divided into islands of 
irregular shapes and sizes by intercommunicating bands 
of moderately well vascularized connective tissue. In 
many of the islands, groups of eosinophils were to be 
seen with or without polymorphonuclear neutrophilic 
leukocytes. Others enclosed collections of apparently 
well preserved brownish fungous cells (fig. 5). In still 
others, groups of calcified chlamydospores were present. 


COMMENT 


One of the advantages of reproducing human 
disease in lower animals is to provide a means 
for experimental methods of treatment. It is 
believed that the histologic changes in that form 
of maduromycosis which is due to Phialophora 
jeanselmei have been sufficiently faithfully repro- 
duced in rabbits to furnish an acceptable approach 
for the use of experimental methods of therapy. 
In this form of maduromycosis the granules 
that are discharged from the sinuses in diseased 
tissues as well as the colonies which grow on arti- 
ficial culture mediums are composed of appgr- 
ently well preserved mycelial filaments and 
chlamydospores. In microscopic preparations of 
diseased tissues the morphologic aspect of the 
fungus is noticeably changed, the organism oc- 
curring almost exclusively in the form of disin- 
tegrated chlamydospores. Mycelia, if present at 
all, are practically always necrotic. When gran- 
ules are removed directly from the discharging 
sinuses of the patient and are injected subcu- 
taneously into rabbits, the fungus appears in the 
rabbits’ tissues in the form of similarly disinte- 
grated chlamydospores with or without necrotic 
mycelia. On the other hand, when the artificially 
grown fungus is injected into rabbits, the struc- 
ture of the fungus remains apparently unchanged. 
In those instances in which the organism is de- 
stroyed in the tissues, it is not evident whether 
destruction follows devitalization or whether the 
true. 


reverse is However this may be, it is ob- 








362 ARCHIVES OF PATHOLOGY 





Fig. 4.—Photomicrograph showing mature, encapsulated granulomas. The partially circumscribed granuloma 
at the left contains a large central collection of eosinophils and at the lower right a multinuclear giant cell 
rimmed below by phagocytosed fungous cells. From rabbit 3, inoculated with living, artificially grown fun- 
gus; hematoxylin and eosin; paraffin section; « 135. 

Fig. 5——Photomicrograph showing a solitary, partially encapsulated, mature granuloma. At the center is a 
clump of fused fungous cells lying in a collection of eosinophils. The greater part of the body of the granu- 
loma is composed of lightly staining cells suggesting miniature foam cells. From rabbit 11, inoculated with 
killed, artificially grown fungus; hematoxylin and eosin; paraffin section; x 90. 
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vious that in order to determine experimentally 
the value of any therapeutic agent for use in 
this form of maduromycosis the source of the 
fungus must be known; that is to say, whether it 
is derived from diseased tissues or from artificial 
culture mediums. 

In approaching the treatment of maduromy- 
cotic lesions in experimentally infected rabbits it 
seems logical to attempt first to learn the effect of 
various supposedly injurious agents on the fun- 
gus in vitro. It has already happened several 
times in my experience that the fungus remained 
alive and its structure apparently intact after pro- 
longed exposure to substances of this description, 
fungus remained mor- 
phologically intact but had apparently been de- 


In another instance the 
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vitalized, since it could not be grown subse- 
quently on artificial culture mediums. At all 
events, these are the general lines of procedure 
that are now being followed in efforts to deter- 
mine the value, if any, of various substances in 
the treatment of experimentally produced madu- 
romycotic lesions in rabbits. 


CONCLUSION 

Phialophora jeanselmei when injected subcu- 
taneously into rabbits produces solitary non- 
ulcerative nodules which histologically are spe- 
cific and are closely comparable to the nodules in 
that form of maduromycosis in man which is 
caused by the same fungus. 
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lhe term “mycetoma’” was proposed by Car- 
ter * to designate fungous infections of the sub- 
cutaneous tissues characterized by swelling, for- 
mation of sinuses and production of pus in which 
there are well organized mycotic granules. The 
granules differ in size, shape, hardness and color 
and in the morphology of the constituent hyphae, 
as Carter* pointed out. As 
were investigated it became apparent that al- 


additional cases 
though the cases had certain clinical character- 
istics in common actually there are several types 
of mycetoma, depending on the identity of the 
etiologic agents. The relationships of several 
species of fungi to cases of mycetoma were eluci- 


dated Brumpt, : 


by and Pinoy * proposed a di- 
vision into the actinomycoses caused by species 
of and the “true 


mycetomas” caused by fungi of several unrelated 


\ctinomyces and Nocardia, 
genera having in common only the characteristic 
of larger hyphae than are found in Actinomyces. 
Chalmers and Archibald *® substituted the name 
“maduromycosis” for “true mycetoma,” and this 
name has been used widely. Some writers, how- 
ever, have used it as a synonym of * 
without recognizing the 
Chalmers and Archibald. 


‘mycetoma” 
distinction made by 
The choice of the name “maduromycosis” to 
designate the latter group of “true mycetomas” 
is perhaps unfortunate because of the derivation 
of the word and the heterogeneity of the tumors 
in the group. According to Carter,? Colebrook in- 
troduced into scientific literature the name “Ma- 
dura foot,” by which mycetoma of the foot was 
locally known near Madura, India, and Brumpt 

‘reated the name Madurella for a fungus causing 
it. It is apparent, however, from Carter’s reports 
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that from the earliest studies a multiple causation 
was recognized and that species of Nocardia were 
among the fungi causing Madura foot. Subse- 
quently the term “Madura foot” has been used 
rather loosely to designate mycetoma of the foot 
in cases of diverse geographic origin and cause. 
Nine species of Madurella have been described, 
and besides these there are species in several other 
genera which cause similar tumors of the foot. 
The latter fungi appear to be mycologically un- 
to Madurella 
heterogeneous aggregation ), and the lesions they 


related (which may be itself a 


cause are not all like those of the originally 
foot. 
whether the term “maduromycosis”’ 


described Madura It may be questioned 
designates 
this heterogeneous group any more conveniently 
Neither 


term is precise, and both require supplementary 


than the original name, “mycetoma.” 


labeling as to etiology in order to convey infor- 


mation about the true nature of a given case. lf 
“maduromycosis” is used it should be used in 
the restricted sense and not as a synonym of 


“mycetoma.” 

Gammel * summarized more recent knowledge 
about the fungi causing the tumors grouped as 
mycetoma and described as new two species 
which he had studied. He remarked that myco- 
logic knowledge about the fungi causing myce- 
Unfortunatelv, this is still 


true, owing in part to the fact that adequate myco- 


toma was meager. 
logic studies have not been made in many cases, 
and in part to the fact that these fungi sometimes 
grow abnormally on agar culture mediums, not 
revealing their actual mycologic relationships. 
These fungi need to be restudied with special at 
tention to the variability of strains and the correct 
interpretation of abnormal or equivocal struc- 
tures. This may make it possible, on the one 
hand, to reduce to synonymy some of the many 
species names now associated with these infec 
determine the rela 


tions and, on the other, to 


‘tionships between genera in which these species 


Gammel, |]. A Arch. Dermat. & Syph. 15:241 
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are now placed. Recent observations’ have 
shown, for example, that Allescheria boydii is the 
ascocarpic form of Monosporium apiospermum 
(one of the most frequent causes of mycetoma in 
the United States), The relationship between 
these two forms had been suspected, but direct 
proof of it had not been presented previously. 
Symmers and Sporer® recently reported a 
case of mycetoma of the hand. The fungus was 
isolated by Symmers and used by him in experi- 
mental inoculation of rabbits, as reported in a 
paper * accompanying this one. The fungus is un- 
like those isolated in most cases of mycetoma. 
However, it resembles closely a fungus which was 
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small, many being hollow with irregular in- 
terruptions of the wall, as shown in sections 
(figs. 3 and 4+ of Symmers and Sporer, and figs. 
2 and 6 of Langeron). Chlamydospores were 
conspicuous features of the granules in both cases. 
In most cases, on the contrary, the granule is 
firm, with a relatively dense structure composed 
of radiating hyphae. Exceptions have been listed 
by Langeron. Clinical and histologic similarities 
in themselves are not conclusive evidence that 
the 2 cases had a common etiologic factor. It is 
generally conceded that the fungus causing myce- 
toma in any case can be identified only after its 
isolation in pure culture. The characteristics of 





described as Torula jeanselmei by Langeron *° 
after its isolation in a case of mycetoma reported 
by Jeanselme, Huet and Lotte.** The clinical 
changes in the latter case closely resembled those 
reported by Symmers and Sporer except that the 
foot rather than the hand was involved. In both 
cases the granules were unlike those seen in most 
ot 


mycetoma. They were relatively 


7. Emmons, C. W.: Mycologia 36:188, 1944. 


8. Symmers D., and Sporer, A.: Arch. Path. 37: 
309, 1944. 

9. Symmers, D Arch. Path., this issue, p. 358 

10. Langeron, M. Ann. de parasitol. 6:385, 1928. 

11. Jeanselme, Huet and Lotte: Bull. Soc. trang. de 
dermat. et syph. 35:369, 1928 


Phialophora jeanselmei comb. n. 


grown on modified Sabouraud’s agar. 


the fungus isolated from the patient observed by 
Symmers and Sporer correspond closely to those 
of the fungus which Langeron described. This 
fact, together with the clinical and pathologic 
similarities, has led to the conclusion that the 
two strains are identical. 

The 


grown 


this 
Sabouraud’s 


fungus described in when 
( Difco 
neopeptone 1 per cent, chemically pure dextrose 
2 per cent) produces a colony which is dome 


paper 


on modified agar 


shaped, with an entire margin, reaching a dia- 
meter of 22 mm. and a height of 5 mm. after two 
weeks’ growth at 30 C. (fig. 1). The color is 
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“deep grayish olive.” '* The surface is covered 
with delicate short aerial hyphae, giving the 
colony a fine plushlike appearance. 

On glycerin agar slants after two weeks at 30 C. 
a colony 1 to 1.5 mm. wide appears along the line 
where spores were deposited at the time of inocu- 
lation, and colonies reaching a diameter of 5 mm. 
develop where larger pieces of inoculum lodged. 
These colonies are nearly black and appear at 
first glance to be glabrous, but careful exami- 
nation with a lens shows numerous coremia or 
tapering hyphal aggregations rising from the 
The growth on horse meat infusion 
In gelatin after two weeks’ 


surface. 
agar is similar. 
growth at 30 C. minute colonies develop at the 
bottom of the tube, but no liquefaction has been 
observed. 

The fungus grows poorly on corn meal agar. 
Some transfers failed to make any visible growth, 
and others developed into very small, black, 
nearly glabrous colonies, almost microscopic in 
size. No growth was apparent after two weeks 
at 30 C. on glycerinated potato plugs and litmus 
milk. 
Growth was better at 30 C. than at either room 
temperature or 37 C. 


Indole was not formed. 


Microscopic examination reveals dark-colored 
septate hyphae varying in diameter from 1 to 3 
microns (fig. 2.4 to F). Many hyphae, espe- 
cially those which first develop, are toruloid (fig. 
2G to 1). The conidiophores are tubular (fig. 
2 A, B, E and F) or flask shaped (fig. 2C and 
PD) and stand at an angle of 90 degrees or less 
from the vegetative hyphae. Many are single 
and unbranched, but others are branched and may 
occur in groups. Some are tubular and of nearly 
uniform diameter to a point near the distal end, 
where they taper to a narrow tip (fig. 2.4, B, E 
and F). Others are urn shaped, tapering toward 
both the base andthe tip (fig. 2C and D). In 
some cases the tip extends into a flaring cup 
(fig. 2C). The dimensions of the conidiophores 
are too variable to be of much value in identifying 
the fungus, but the tubular conidiophores are 
usually 1 to 3 microns in diameter and 5 to 15 
microns long. In addition to the morphologically 
well differentiated conidiophores, many hyphae 
bear conidia laterally on very short rudimentary 
conidiophores (fig. 2), which in many cases 
are little more than pegs or apiculate knobs on 
the hyphal walls. In some cases this method of 
sporulation recalls that found in Pullularia pul- 
lulans. 





12. Ridgway, R.: Color Standards and Color Nomen- 
clature, Washington, D. C., The Author, 1912. 
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On all of the types of conidiophores described 
here the conidia are borne at the tip. They are 
pushed out serially through an opening at the 
end of the conidiophore, where they cdllect in a 
group held together by some adhesive substance. 
The conidia are hyaline or subhyaline, elliptic, 
and about 0.75 to 1 by 1 to 2 microns in size. 
Conidia which are borne at the agar surface or 
which come into contact with it continue to grow, 
reaching a size of 2 to 3 by 4 to 5 microns or 
larger. The walls of these large conidia contain 
the same brown pigment which colors the hyphae 
and the conidiophores. When conidia at the agar 
surface increase in size, they usually bud in a 
yeastlike manner to form secondary conidia. 

Despite the tendency of conidia to cluster about 
the tips of conidiophores it is apparent that when 
the mycelium is disturbed some conidia are readi- 
ly discharged from it. If, in transferring a cul- 
ture, one picks up a portion of dry sporulating 
mycelium and attempts to place it at the center 
of an agar plate, spores almost invariably are 
dropped along the way from the edge to the cen- 
ter of the Petri dish (fig. 1). The actual mecha- 
nism of this spore discharge has not been deter- 
mined. 


In attempting to identify this fungus one is 
struck at once by the resemblance of a colony 
to that of Phialophora verrucosa, an etiologic 
agent of chromoblastomycosis. The color of a 
colony grown on modified Sabouraud’s agar is 
practically identical with that of a colony of the 
latter fungus but the rate of growth is slower, 
and this slow rate of growth is even more appar- 
ent on corn meal, Czapek’s and glycerin agars. 
There is also a microscopic resemblance between 
the two species with respect to the brown vege- 
tative hyphae and the urn-shaped conidiophore 
with flaring mouth. However, most of the conidi- 
ophores lack this phialoform structure for which 
the genus was named. It may be mentioned inci- 
dentally that this structure is also poorly devel- 
oped or sometimes lacking in some other species 
of the genus isolated from wood and originally 
described as species of Cadophora. Despite a 
superficial resemblance to P. verrucosa the fungus 
can be differentiated easily from that species by 
the greater variability of its conidiophores, the 
somewhat smaller size of the young conidia, a 
greater tendency of the conidia to produce sec- 
ondary conidia and its poor growth on certain 
mediums already mentioned, on which P. ver- 
rucosa grows readily. Furthermore, P. verrucosa 
grows in human tissue in the form of chlamydo- 
spores aggregated at. most into small clusters, 
whereas this fungus forms granules a millimeter 
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or two in diameter. It can be pointed out, how- 
ever, that in these granules in both species 
chlamydospores are conspicuous features and 
that the transition from a cluster of several 
chlamydospores (as in chromoblastomycosis) to 
a macroscopic granule (as in this type of myce- 
toma) would result if there were more rapid 
growth and cell division and a greater degree of 
adhesion between cells in the case of the larger 
granule. It therefore appears proper to place this 
fungus in the genus Phialophora, but it does not 
correspond precisely to any species which have 
been found described within that genus. 

In all respects the fungus appears to be like 
the one Langeron described as Torula jeanselmei 
and this resemblance clearly appears in a com- 
parison of the illustrations in figure 2 with the 
illustrations Langeron published as figures 8 to 
12. In both fungi the growth begins as a cluster 
of toruloid hyphae, many of which, as they de- 
velop, bear lateral buds and spores which are not 
associated with morphologically differentiated 
conidiophores (fig. 2/). In older cultures tubu- 
lar conidiophores are more clearly differentiated 
from the vegetative hyphae, and they bear termi- 
nal clusters of spores. Langeron did not illus- 
trate the cluster of conidia at the tip of a conidi- 
ophore, but the probable reason for this appears 
from a study of our fungus. There is little ad- 
hesion between these conidia, and if mycelium 
containing these clusters of conidia is teased out 
in the usual manner for microscopic examination 
the conidia almost invariably float away. The 
relationship illustrated in figure 2 A to F can be 
demonstrated only by a careful examination of 
slide cultures. 

The conidiophores illustrated in Langeron’s 
figures 11 and 12 are apparently of the type il- 
lustrated here in figure 2C and D. Langeron’s 
figure 12a illustrated the budding of conidia to 
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form secondary conidia, which is commonly seen ) 
in our strain. He did not illustrate conidiophores 
with flaring mouths. Although a rare conidi- 
ophore of this type, bearing an expanded apical 
structure, as illustrated in figure 2 C, was found 
in our strain, many have only a very delicate 
tubular extension through which the spores are 
pushed out (fig. 2D), and there is little apparent 
morphologic differentiation of this type at the 
fertile tip of most conidiophores. The resem- 
blances between Langeron’s fungus and the one 
described in this paper are so close that they 
are considered identical. 

Langeron described his fungus as a new species 
of Torula, placing it in that genus because of the 
budding nature of the conidia and, presumably, 
because of the toruloid character of many hyphae. 
These are rather indefinite characteristics for the 
correct allocation of a species if other more defin- 
itive found. The types 
of conidiophores illustrated by Langeron (figs. 
11 and 12) suggest the genus Phialophora rather 
than Torula. The species is therefore trans- 
ferred to that genus under the name Phialophora 
jeanselmei (Langeron) comb. n. 


characteristics can be 


The fungus has been entered in the American 
Type Culture Collection, where it is listed as 
no. 9541. 

SUMMARY 

The mycologic characteristics of a fungus iso- 
lated from mycetoma of the hand are given. The 
condition developed after an injury in which 
splinters from a wooden floor pierced the skin. 
The fungus resembles Phialophora, which is 
known to occur on wood. It is specifically identi- 
fied with Torula jeanselmei Langeron which was 
isolated from mycetoma of the foot. This species 
is transferred to Phialophora, the name becoming 
Phialophora jeanselmei comb. n. 
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ACUTE AGRANULOCYTOSIS 


A MICROSCOPIC STUDY OF 


ULCERONECROTIC GINGIVA 


AND OF BONE MARROW 


IN A CASE 


CAPTAIN GEORGE J. ANDAY 
MEDICAL CORPS, ARMY OF THE UNITED STATES 
AND 


BALINT ORBAN, M.D., D.D.S. 


CHICAGO 


Gingivitis and stomatitis are among the earliest 
and most common symptoms of agranulocytosis. 
Necrotic ulcers occurring at the margins of the 
gingiva are frequently encountered. Jackson, 
Parker, Rinehart and Taylor’ observed oral 
lesions in each of 13 patients whom they studied. 
Lichtenstein * reported 27 cases of agranulocy- 
17 of which there were oral lesions. 
Reviewing 43 cases from the literature, Kastlin * 
noticed an inflammatory process of the oral 
lining in all cases and necrotic ulcers of the 
gingiva in 9. The early appearance of gingivitis 
is remarkably well demonstrated in a case of 
recurring agranulocytosis observed by Cook *; 
each of his patient’s four subsequent attacks 
started with gingivitis. For compiled data on 
oral lesions in agranulocytosis the reader is 
referred to the comprehensive reviews by 
\ppleton,® Cahn, Epstein,’ Hanzlik* and 
Watkins,® as well as to the standard textbooks 
on dentistry. 


tosis, in 


Despite their frequency, histologic examina- 
tion of gingival lesions is almost entirely lack- 
ing. Most reports mention only the gross lesions. 
Those reports containing histologic data usually 
give a general description of the necrotic lesions 
of the entire oral or oropharyngeal lining with- 
out specific reference to the gingiva. One of the 
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most lucid histologic descriptions of a necrotic 
ulcer on the posterior pharyngeal wall is that of 
Ophils, of forty-three years ago, reported in 
the frequently quoted paper of Brown."® Several 
similar descriptions have been recorded since 
the clinical picture of agranulocytosis was 
described by Schultz in 1922. Apart from 
the characteristic necrosis, lack of polymor- 
phonuclear leukocytes and edema, little attention 
was paid to the differences in the cellular re- 
action of the tissues around the lesion. In 
Brown's '° report the zone of infiltration around 
the necrosis was said to consist mostly of 
“epitheloid” cells, some lymphocytes and few 
polymorphonuclear leukocytes. A few similar 
cells but no particular zone of reaction was 
observed around the oropharyngeal lesions by 
Lovett,'' Kastlin * and Rotter.’* Marked lymph- 
ocytic and plasma cell infiltration was pres- 
ent around the necrosis in a case reported by 
Rotter ** (tonsils) and in Plum’s * cases (“neck 
organs”). Petri’?* observed in extensive ulcera- 
tions of the gastrointestinal tract lymphocytes, 
some histiocytes, plasma cells and large “lympho- 
cyte-like” cells. 

The present histologic study was made on a 
biopsy specimen of the gingiva in a case of acute 
agranulocytosis. The advantages of a fresh 
biopsy specimen for finer histologic study are 
evident. Nevertheless, only one reference to a 
biopsy of the gingiva in the literature appears 
to be available, that of Bernier,’® although a 
detailed analysis of his case is lacking. As far 
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as could be ascertained, no other biopsy or 
detailed study of such a gingival lesion has been 
reported in the medical or the dental literature. 


REPORT OF A CASE 

The case is one of those that were not recognized at 
an early stage of the disease. A 26 year old woman 
was admitted to a hospital with high fever and in a 
critical condition. For the preceding two weeks she 
had been treated for “flu” and “trench mouth.” She 
had taken some drugs for the “flu,” but she could give 
no information as to what drugs or the amount. The 
first blood count was made on admission. At the same 
time the routine examinations were made, and for 
differential diagnosis a biopsy specimen of one of the 
smaller ulceronecrotic lesions was obtained and a sternal 
puncture was made. In smears from the gingival 
lesions, mostly fusiform bacilli and Vincent's spirochetes 
were seen. Blood transfusions and injections of pentnu- 
cleotide were given. However, after a brief declining 
course the patient died. 

At admission the blood revealed moderate anemia 
with 2,900 white cells. The differential count showed 
1 per cent eosinophils, 1 per cent basophil polymorphonu- 
clear leukocytes, 83 per cent lymphocytes, 9 per cent 
monocytes and 6 per cent Tiirk cells. Two days later 
a second count showed a decrease in the white cell 
count to 1,050, with a complete absence of polymorph- 
onuclear leukocytes; the differential count showed 92 
per cent lymphocytes, 5 per cent monocytes and 3 per 
cent Tiirk cells. The red blood cells were normal in 
size and shape, and the platelets were normal in number 
and appearance. 

Microscopic examination of the marrow (obtained by 
sternal puncture) revealed large numbers of plasma 
cells. Their basophilic cytoplasm contained a darker 
stained outer and a lighter stained inner zone. Vacuoles 
in the cytoplasm were frequent. The nucleus was eccen- 
tric and had the typical cartwheel structure. The 
plasma cells varied greatly in size, from 10 to 22 
microns, and many were binucleated and frequently 
arranged in groups (fig. 1); some were trinucleated (fig. 
1, inset). 

Large phagocytic reticulum cells with an ill defined, 
light blue-stained cytoplasm and large, round nuclei 
were present, frequently in small groups (fig. 1). The 
content of the cytoplasm of scme of these reticulum 
cells indicated erythrophagocytosis. The plasma cells 
and the reticulum cells were present in the largest 
numbers. There were also stem cells, normoblasts, 
some monocytes and a few lymphocytes. No myelo- 
poietic cells were present except some disintegrating 
myelocytes. The red blood cells were of normal size 
and shape ; megakaryocytes were present in normal num- 
bers. 

The blood smears revealed Tiirk cells that 
greatly similar to the plasma cells of marrow. 


were 
They 
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were round, and their cytoplasm was more basophilic 
than that of the plasma cells. The nucleus, however, 
showed the typical cartwheel structure and a para- 
nuclear lighter-stained zone (fig. 2). 

At the time of admission the patient had gingivitis 
and stomatitis. The gingiva was swollen throughout, 
red, with a velvety, glossy appearance. It might be 
compared to intestinal mucous membrane. There were 
necrotic areas of several gingival papillae in the lower 
as well as the upper jaw (fig. 3). The tissues of the 
palate showed extensive ulceration and necrosis, espe- 
cially in the region of the incisors (fig. 4). The margin 
of the ulceration was grayish, while in the center dark 
areas of necrotic tissues were seen, impregnated with 
blood. 

The patient complained of severe pain in the entire 
oral cavity and could swallow only with difficulty. The 
biopsy specimen was taken from the lower jaw, between 
the first and the second bicuspid on the left side. When 
sectioned (fig. 5) it revealed extensive necrosis of the 
gingiva, extending through the epithelium into the 
connective tissue. The lesion was sharply limited toward 
the vital tissues. This was typical coagulation necrosis 
with the gross outlines of tissues still present. Some 
remnants of epithelium could still be seen. Bacteria 
were scarce. Below the necrotic area there was a nar- 
row zone of cellular accumulation. 


The epithelial surface showed no keratinization. The 
cells were somewhat flattened, but neither keratosis nor 
parakeratosis was present. In the deeper layers of the 
epithelium edema was manifest. The epithelial cells 
were separated from each other by wide spaces. The 
edema was most extensive in the germinative layer. 
The subepithelial connective tissue was very edematous, 
showing only a few fibroblasts, blood vessels and wan- 
dering cells. Some of the capillaries of this area were 
empty and contained only few lymphocytes and mono- 
cytes. In the entire specimen only one polymorphonu- 
clear leukocyte could be observed, in a blood vessel. 
The loose edematous tissue contained lymphocytes, 
monocytes and macrophages. 

The borderline between the necrotic and the living 
tissue is of special interest. The cellular elements in 
this area were mainly plasma cells and macrophages. 
Polymorphonuclear leukocytes were absent. Many of 
the plasma cells and macrophages showed signs of dis- 
integration in this zone. Lymphocytes were scarce. 

At some distance from the necrotic area but still 
close behind the zone of cell accumulation (fig. 6) the 
cells were in better condition, necrosis being much less 
pronounced. Plasma cells and macrophages dominated 
the field; there were only few lymphocytes. 

A striking feature of this specimen was the plasma 
cells. In several regions there were plasma cells with 
two nuclei, not only singly but in groups of two and 
more (fig. 7). Some of the plasma cells were small; 
others, considerably enlarged, showing extensive anisocy- 
tosis. Several trinucleated plasma cells of giant size 
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Fig. 1—Sternal marrow; xX 958. 


show anisocytosis. Trinucleated plasma cell; x 1,917. 


Fig. 2.—Blood smear showing a Turk cell; x 2,396. 


Fig. 3.—Ulceronecrotic lesion on the gingiva. 
Fig. 4—Ulceronecrotic lesion on the palate. 


Mononuclear and binuclear plasma cells and reticulum cells. 


Plasma cells 


Fig. 5.—General view of a biopsy specimen of the gingiva; x 43. Note the extensive necrosis and the narrow 


zone of infiltration bordering the necrotic area. 
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were observed (fig. 8). There were mitotic figures in COMMENT 
groups of plasma cells and also in cells within the pve . . ¢ 
edematous, loose subepithelial connective tissue. The The observations described are focused on 
size of the mitotic cells would indicate that they were gingivitis and necrotic ulcer. 
— cells mm on a oe The velvety quality, the translucency and the 
n some capillaries a larger number - Saaays : 
P S of nongranular req color of the swollen gingiva are due to 


mononuclear cells could be seen; these were mainly . . . . 
lymphocytes and monocytes. In some instances these changes of the epithelium and the subepithelial 


cells migrated from the capillaries into the surrounding connective tissue, namely, lack of keratinization in 





Fig. 6.—Tissue close to the necrotic area in the gingiva; x 1,150. The cellular accumulation consists mainly 
of plasma cells and macrophages. Only few lymphocytes are present. 
Fig. 7.—Gingiva showing several binucleated plasma cells in a group; x 1,342. A few lymphocytes, macro- 
phages and mononucleated plasma cells are present. 

Fig. 8.—Trinucleated plasma cell in the gingiva; x 2,300. 


connective tissue. The endothelial lining of the capil- the superficial lavers of the epithelium, edema of 
laries revealed signs of activity. The endothelial cells : 
were more numerous and larger than normal, i. e., 
swollen. hyperemia of the subepithelial connective tissue. 


the deep layers of the epithelium, and edema and 














ANDAY-ORBAN—GINGIVITIS AND MARROW 


The necrotic ulcer reveals necrosis, lack of 
polymorphonuclear leukocytes, edema and _ infil- 
trating plasma cells and macrophages. The first 
three features are generally accepted character- 
istics of the necrotic lesion in agranulocytosis ; 
they usually appear following the decrease in 
the neutrophil polymorphonuclear leukocytes in 
the blood. The closer mechanism by which they 
are brought about is entirely unknown. 

The changes in the gingival connective tissue 
were characterized by a decrease in the numbers 
of certain cells and by an increase in those of 
others. The cells which decreased in number 
were those of vascular origin. Not only were the 
polymorphonuclear leukocytes practically lack- 
ing,. but the lymphocytes and the monocytes 
were negligible in number. From capillaries, 
crowded with large cells, only few lymphocytes 
and monocytes migrated into the tissues. Among 
the fixed tissue cells the number of fibroblasts 
was reduced. 

Present in increased numbers were plasma 
cells and macrophages. The plasma cells were 
slightly increased in number at the zone of in- 
filtration; they were still more numerous some- 
what farther from the area of necrosis. Changes 
in the quality of the cells also had taken place: 
sinucleated cells in large numbers, frequently 
in groups, and trinucleated cells were likewise 
present. Some binucleated plasma cells and very 
rarely a trinucleated cell are observed in cases 
of common gingivitis. In the described case 
there was an apparent discrepancy between the 
moderate hyperplasia of the mononucleated and 
the relatively large number of multinucleated 
plasma cells. 

The macrophages were likewise increased in 
number. Their cytoplasm and their nucleus were 
enlarged, and mitotic figures could be seen. 

Altogether, it is emphaized that in reaction to 
the necrosis the gingiva even in the absence of 
polymorphonuclear leukocytes exhibited prolifer- 
ative changes, such as proliferation of plasma 
cells, macrophages and capillary endothelial cells. 

In the present case the changes in the marrow 
showed microscopically certain similarities to 
the gingival changes. In the marrow the leuko- 
cyte-forming cells were lacking. Present in 
increased numbers were plasma cells, many of 
which were binucleated and some trinucleated. 
Plasma cells are normal inhabitants of the mar- 
row, although to a small extent (0.2 to 1.0 per 
cent). In the present case they far outnumbered 
the other cells. The binucleated and trinucleated 
forms appeared numerously and in a_ shape 


similar to that seen in the gingiva. Also present 
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in increased numbers were reticulum cells show- 
ing erythrophagocytosis. 

The type of marrow seen in different cases of 
agranulocytosis is not uniform. The described 
type is one of the most frequent and has 
previously been designated as “aplastic” or 
“empty” marrow. However, some reports refer 
to increased numbers of stem cells or plasma 
cells in such marrow patterns (Leys **; Rohr **). 
It is to the credit of Darling, Parker and Jack- 
son '* that emphasis was placed on the fact that 
this seemingly “aplastic” marrow is actually 
hyperplastic with respect to plasma cells, stem 
cells and reticulum cells, which show more or 
less marked proliferation. 

There is, undoubtedly, a striking similarity 
in the behavior of the plasma cells and the 
reticular elements between the gingiva and the 
marrow. In view of this similarity it is ques- 
tionable whether these changes are purely local 
in character, confined to the inflammatory lesion 
of the gingiva and to the marrow. If they are 
of a more general character, a similar tissue 
reaction may be expected of other organs, 
wherever the plasma cells or the much more 
widely distributed reticulum cells are normally 
present. Lacking any autopsy report, we 
searched for observations on this probability in 
the literature. There are indications that in some 
cases plasma cells were present in more or less 
increased numbers in the lymph glands, the 
spleen, the peribronchial region of the lung 
(Plum'*) and around necrotic lesions of the 
gastrointestinal tract (Lichtenstein *; Plum **). 
Rotter '* emphasized the hyperplasia and the 
hypertrophy of the reticuloendothelial cells of 
the spleen, the lymph nodes and the liver in 
each of his 6 cases. Similar changes of the 
Kupffer cells of the liver were observed by 
Koch,?® Hallermann,*° Oppikofer ** and Plum * ; 
whereas Lichtenstein? saw no change in the 
Kupffer cells. The reticulum cells of the lymph 
nodes and the spleen showed such changes 
(Dahlen and Wahlgren **; Piette **; Plum **). 
The histologic observations of Petri™* are of 
interest: At the examination of necrotic ulcera- 


16. Leys, D.: Lancet 2:751, 1933. 
17. Rohr, K.: Folia haemat. 55:305, 1936. 


18. Darling, R. C.; Parker, F., and Jackson, H., Jr.: 
Am. J. Path. 12:1, 1936. 


19. Koch, W.: Zentralbl. f. allg. Path. u. path. Anat. 
48:355, 1930. 


20. Hallermann, W.: 


21. Oppikofer, E.: 
Path. 85:165, 1930. 


22. Dahlen, B., and Wahlgren, F.: Acta med. Scandi- 
nav. 65:407, 1926. 


23. Piette, E. C.: J. A. M. A. 84:1415, 1925. 


Folia haemat. 42:1, 1930. 
Beitr. z. path. Anat. u. z. allg. 
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tions of the gastrointestinal tract she noted the 
same large “lymphoid-like” cells as in the mar- 
row. 


It is worth while to emphasize these observa- 
tions with a purpose to stimulate systematic 
histologic examinations on extensive and well 
selected material, including that from patients 
with different types of agranulocytosis, with 
different gingival lesions and marrow structures 
(i.e., “maturation arrest” with myeloid hyper- 
plasia). The impression was gathered that the 
changes observed in the gingiva and the mar- 
row were not merely accidental or superficial. 
They indicate, moreover, that, in the course of 
acute agranulocytosis, when the white cell for- 
mation is depressed, conditions are created 
which favor stimulation of plasma cells and 
reticulum cells. We wish to point out the pos- 
sibility that the stimulation of certain cells may 
not be confined to the marrow and the local 
necrotic lesion of the gingiva but may represent 
a reaction on a systemic scale. It may be possible 
that such observations will ultimately result in an 
improved classification of cases of agranulocy- 
tosis. 
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SUMMARY 


In a case of acute agranulocytosis with ulcero- 


necrotic gingivitis the most characteristic 
features were lack of keratinization ot 
the epithelium and edema of the deeper 


epithelial layers, also edema and hyperemia of 
the subepithelial connective tissue. The necrotic 
area was surrounded by a narrow zone of infiltra- 
tion consisting of plasma cells, macrophages and 
a few lymphocytes. Polymorphonuclear leuko- 
cytes were absent. Many binucleated and some 
trinucleated plasma cells were noted. Mitoses 
were present. The capillary endothelial cells 
were swollen. Migration from the capillaries 
was reduced to a few lymphocytes and mono- 
cytes. The tissue changes around the lesion 
were moderately proliferative. 

The sternal marrow lacked myelopoietic cells 
but showed increased numbers of phagocytic 
reticulum cells and plasma cells, with many 
binucleated and some trinucleated forms, similar 
to those observed in the gingiva. 

The question is raised whether the plasmo- 
cytic and the reticuloendothelial proliferation in 
the marrow as well as in other tissues are parts 
of a systemic reaction. 








AORTIC ABNORMALITIES IN DOGS USED 
FOR EXPERIMENTAL PURPOSES 


W. C. HUEPER, M.D. 
NEW YORK 


Mainly rabbits have been used in past decades 
for studies on experimental arteriosclerosis and 
atheromatosis, and a fair amount of information 
has therefore become available on the occurrence 
of the various types of so-called spontaneous 
arterial lesions in this species. The increasingly 
frequent use of dogs for such purposes in recent 


years * makes it desirable that adequate data on 


the occurrence, the frequency, the types and the 
distribution of “spontaneous” arterial lesions in 
dogs be collected, as such information is essential 
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for the reliable interpretation of experimental 
observations on canine arteriosclerosis. 

It is unfortunate that the mass of the existing 
data on this subject deals with dogs of a rela- 
tively advanced age, i. e., animals which are used 
comparatively rarely for experimental purposes 
and which for this reason are of little value when 
experimental results* are being analyzed. The 
histologic examination of the aortas of 50 mongrel 
dogs was undertaken in an attempt to proyide in- 
formation on arteriosclerosis occurring in .the 
dogs ordinarily, used in experiments. 


‘te EXPERIMENTAL PROCEDURE 


ortas were obtained from 50 mongrel dogs which 


had been killed after being subjected to acute experi- 


we. 


Age Distribution of One Hundred and , 
Seventy-Four Mongrel Dogs 
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mentation carried out with the animals under pento- 
barbital sodium anesthesia and involving in most 
instances the testing of various vasoactive drugs. The 
experiments lasted from three to eight hours and were 
terminated by an intravenous injection of ether. The 


3. (a) Fox, H.: Arteriosclerosis in Lower Mammals 
and Birds: Its Relation to the Disease in Man, in 
Cowdry, E. V.: Arteriosclerosis, New York, The Mac- 
millan Company, 1933, p. 152. (b) KOllisch, B.: Zur 
pathologischeri Anatomie und Atiologie der sog. Athero- 
sklerose der Arterien der Haustiere, Inaug. Dissert., 
Berne, 1910. (¢) Krause, C.: Beitr. z. path. Anat. u. z. 
allg. Path. 70: 121, 1922; Virchows Arch. f. path. 
Anat. 289: 352, 1933. (d) Lyding, H.: Ztschr. f. 
Tiermed. 11:359, 1907; Zur Kenntnis der Arterio- 
sklefose bei Haustieren, Inaug. Dissert., Giessen, 1910. 
(e) Otto, C.: Virchows Arch. f. path. Anat. 203: 352, 
1911. (f) Pallaske, G.: Frankfurt Ztschr. f. Path. 40: 
64, 1930. (g) Spiegel, A.: Virchows Arch. f. path. 
Anat. 231: 224, 1911. (A) Stenius, P. I.: Untersuch- 
ungen zur Kenntnis der Altersveranderungen an den 
Blutgefassen des Hundes, Inaug. Dissert., Leipzig, 1928. 
(1) Thoma, cited by Bennecke.1® (j) Wolkoff, K.: 
Virchows Arch. f. path. Anat. 252: 208, 1924. (k) 
Zinserling, W. D.: Beitr. z. path. Anat. u. z. allg. Path. 
88: 241, 1932; 94: 20, 1934. 


375 





376 ARCHIVES OF PATHOLOGY 


aorta was dissected out in its entire length, leaving a 
small portion of the cardiac interventricular septum and 
the first parts ‘of all the branches attached to the main 


infiltration. Sections were cut from the paraffin blocks 
in such a way that they represented longitudinal sections 
through the entire aorta. The sections were stained with 


hematoxylin-eosin, with Hart’s modification of Weigert’s 


vessel. This was then cut open lengthwise and rolled 
elastic tissue stain and with Van Gieson’s stain for 


up. In this form it was carried through the usual 


technical procedures of dehydration and connective tissue. 


histologic 











i 


’ 


4 


¢ ’ 
. » 
pak, = Sey & 
= ee RRVES a *> . a a 
~ - — ~ a ~~ : } 
og Or en, a A a es 
se a - 
t 
> 
> 
“~ 


a ee’, any 





Fig. 1.—Crowding and fragmentation of elastic fibrils in a fibrohyaline area of the outer part of the media in . 


the region of the aortic arch. 
Fig. 2.—Perivascular focal interruptions of the elastic membranes of the media in the ascending portion of the 


‘ 


< 
+ 
| 


' 
aorta. 
Fig. 3.—Edematous intimal thickening covering an edematous media in the ascending portion of the aorta. ‘ 

Fig. 4—Cushion-like fibrous thickening in the abdominal portion of the aorta. 
Fig. 5.—Large fibrohyaline thickening of the lower abdominal part of the aorta. 4 
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HUEPER—AORTIC ABNORMALITIES IN 


The ages of 5 of the 50 dogs were known. One was 
over 8 years, a second 5 years, a third 3 years and the 
fourth and fifth 1.5 years old. Inasmuch as it seemed to 
be important to ascertain some information concerning 
the approximate ages of the rest of the dogs included 
in this series, the ages of 174 mongrel dogs used later on 
in the Institute were estimated from the condition: of 
their teeth. The age distribution shown in the table 
was obtained. 

Ninety per cent of the dogs studied were thus in the 
age range of 1 to 4 years, when “spontaneous” arterio- 
sclerosis is said to be absent in dogs.4 A similar age 
distribution presumably prevailed among the animals 
whose aortas were investigated. 


OBSERVATIONS 


The histologic examination showed that the 
inner third of the media of the ascending portion 
of the aorta and often also of the proximal part 
of the arch was mildly, moderately or severely 
edematous in most dogs. The muscle bundles 
were separated from each other by an irregular 
and loose felt of fine fibrils or stringy matter 
staining red with Weigert’s connective tissue 
stain. The elastic membranes in this region were 
usually fragmented and deranged with the excep- 
tion of the innermost parts where, as a rule, a 
dense felt of fine elastic fibrils was present, replac- 
ing there an internal elastic membrane. In the 
descending portions of the aorta a well devel- 


oped internal elastic membrane was seen. The 


elastic tissue in the media was well formed, and 
the fibrils here were rather thick, particularly in 
the outer part of the media. Wherever these 
structures joined those of the branches a rela- 
tively sudden change in vascular structure oc- 
curred. The elastic tissue shifted almost entirely 
into the outer part of the media, where several 
thick membranes formed an external elastic coat 
which surrounded the inner parts of the muscular 
media containing scanty and delicate elastic 
fibrils. The muscular tissue in the branches was 
arranged in definite bundles, which contrasted 
with the homogeneous muscular coat of the aortic 
media. 

In 6 of the 50 dogs a fibrohyaline scar was 
found in the outer part of the media approxi- 
mately 3 to 5 cm. distal from the aortic base. 
The cicatricial tissue contained usually a moder- 
ate number of capillaries and occasionally a few 
lymphocytes. Collagenous material predominated 
in such lesions and surrounded fragmented, inter- 
rupted, straightened and partly condensed, partly 
atrophic elastic fibrils (fig. 1). The location of 
this lesion in the region of the arch corresponded 
to that of the ligamentum arteriosum. In a 
moderate number of aortas the presence of cir- 


4. (a) Strauch, C.: Beitr. z. path. Anat. u. z. allg. 
Path. 61: 532, 1916. (ph) Krause.*¢ 
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cumscribed elastic tissue defects apparently lo- 
cated around or near vasa vasorum was noticed in 
the media (fig. 2). These interruptions in the 
elastic membranes appeared in the specially 
stained sections as “blanched” areas. They af- 
fected particularly the central and outer portions 
of the media. It may be finally mentioned that 
in 2 dogs there was seen at the distal rim of the 
aortic bulb large cartilaginous foci surrounded 
by hyaline tissue forming nodes which projected 
from the intimal-medial border zone into the 
vascular lumen. 


In addition to these structural variations of 
nonarteriosclerotic and in part physiologic or 
congenital nature, the following lesions of doubt- 
ful or definite arteriosclerotic significance were 
observed. Small loose edematous intimal thick- 
enings were seen in the ascending portion of the 
aorta in 3 dogs (fig. 3). They contained a stringy 
material staining red with Van Gieson’s method 
and occasionally a few monocytes. A local crowd- 
ing of endothelial cells in such areas was present 
in 2 of these dogs. In 2 additional dogs small 
fibrous intimal thickenings were found in the 
same location close to the base of the aorta. In 
one of the two lesions numerous muscular eie- 
ments were embedded in an intertwining col- 
lagenous matrix. A network of delicate elastic 
fibrils was present in the intimal cushions in both 
dogs. A small hyaline intimal thickening was 
seen in the thoracic portion of the aorta of a 
sixth dog, and several large fibroblastic or fibro- 
hyaline cushions were observed in the abdominal 
portion of the aorta of a seventh dog (figs. 4 
and 5). 


A small area of fragmentation and calcifica- 
tion of the internal elastic membrane was noted 
in the ascending portion of the aorta of an eighth 
dog (fig. 6), while a ninth dog exhibited in the 
media of the ascending portion of the aorta 
several small scattered areas in which the muscle 
cells had a homogeneous, pink-stained cytoplasm 
and were loosely packed, indicating localized 
‘muscular degeneration and atrophy (fig. 7). The 
cellular nuclei were distinctly diminished in 
number. 

The proximal parts of the numerous aortic 
branches, especially the common iliac arteries, 
which were often included-in the sections, were 
normal with the following exception. The medial 
sacral artery of the oldest dog of this series 
revealed a considerably and concentrically thick- 
ened fibrohyaline intima and a calcified internal 
elastic membrane causing a distinct narrowing of 
the vascular lumen (fig. 8). The thickening was 
free from elastic fibrils. 
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Fig. 6—Calcification and fragmentation of the internal elastic membrane of the ascending portion of the aorta. 4° 
Fig. 7.—Circumscribed degeneration of the media of the aorta. 
Fig. 8—Concentric fibrous intimal thickening with calcification of the internal elastic membrane of the medial " 


sacral artery. : 
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COM MENT 


Marked edema of the inner part of the media 
of the ascending portion of the aorta, present in 
the majority of the dogs, was reported by Zinser- 
ling *“* as a normal condition of the canine aorta. 
It has been looked on as an agonal phenomenon 
related to prolonged circulatory failure preceding 
the final arrest of circulation. This concept was 
supported by Wiesel ® and by Segre and Kell- 
ner,” who made similar observations in the 
arteries of man and animals. Segre and Kellner 
considered the albuminous matter filling the in- 
terstices between the widely separated muscle 
bundles as the product of agonal contraction of 
the muscle cells by which cellular fluid is ex- 
pressed into the intercellular spaces. This inter- 
pretation, however, is in disagreement with that 
placed on this matter by Sternberg’ and A\l- 
brecht.* These investigators regarded the edema- 
tous imbibition of the arterial media as a post- 
mortem change. Wiesel,® on the other hand, 
thought that it accompanied exclusively acute or 
chronic cardiac and infectious diseases associ- 
ated with circulatory failure. The loose edema- 
tous structure of the ascending portion of the 
aorta of the dog is not a consistent phenomenon, 
as it was absent in some 5 aortas. 

The presence of cartilaginous tissue in the 
distal rim of the aortic bulb observed in 2 dogs is 
probably related to the occurrence of similar 
cartilaginous or, occasionally also, osseous plates 
in the aortic rim in various animals, including 
dogs (Spiegel **; Hueper **), and does not seem 
to represent a part of an arteriosclerotic process. 


The occurrence of circumscribed defects in the 
elastic tissue such as those observed in some of 
the aortas has been previously recorded by 
Krause and Strauch, who found such tears in 
the elastic membranes of even young dogs.* 

Of the edematous or fibrosing intimal thick- 
enings present in the ascending portion of the 
aorta in 5 dogs, those of edematous type were 
obviously of relatively acute and reversible nature 
and all of them were comparatively small and 
circumscribed and thus possibly early arterio- 
sclerotic developments. Only the fibrohyaline 
intimal cushions found in the abdominal portion 
of the aorta of 1 dog can be considered definite 
and advanced arteriosclerotic lesions, © which 
were associated with granular calcification of the 
fragmented and swollen internal elastic mem- 

5. Wiesel, J.: Wien. Arch. f. inn. Med. 1: 197, 1920. 

6. Segre, R., and Kellner, E.: Centralbl. f. allg. 
Path. u. path. Anat. 32: 561, 1921-1922. 

7. Sternberg, C.: Wien. klin. Wchnschr. 31: 297 and 
310, 1921. ' 
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brane present underneath some of these reactions. 
Thus in only 1 dog of a total of 50 was well 
developed, though localized, arteriosclerosis of 
the aorta demonstrable. Inasmuch as the 2 dogs, 
8 years and 5 years old, respectively, showed 
merely small intimal thickenings of the ascending 
portions of the aorta, it can be assumed that the 
animal with arteriosclerosis must have been 
either especially well advanced in age, because 
the great majority of the dogs were doubtlessly 
not more than 4 years old, or represents an ex- 
ceptional occurrence of arteriosclerosis in a 
young dog. 

These observations demonstrate that young 
dogs can be used for the experimental production 
of arteriosclerosis without fear of any appreciable 
and significant spontaneous arteriosclerotic le- 
sions being encountered. They do not lend sup- 
port to the claim that the distemper usually de- 
veloping in young dogs has any etiologic role in 
the development of such changes as contended 
by Kollisch *° and denied by Strauch.** The ana- 
tomic type of lesions observed is that noted after 
severe and prolonged fluctuations in the tonus of 
vessels or in intravascular hydrostatic pressure. 
It is purely speculative, however, whether or not 
the marked changes in blood pressure readily 
elicited in dogs by psychic stimuli have any causal 
relation to the sclerosing arterial manifestations 
frequently seen in old dogs. Fox stated that 
domesticated dogs show arteriosclerosis after the 
fifth year of life as pebbly granular thickenings 
in the lower thoracic and abdominal portions of 
the aorta, consisting of fibrous intimal hyper- 
plasia rarely breaking through the internal elas- 
tic membrane, with occasional calcifications of 
the media underneath. He noted that aortic cal- 
cifications occur in domestic dogs rarely and are 
then usually found in the beginning portion of 
the aorta. 

Kollisch,*® who studied 50 working dogs, 2 to 
7 years old, and 50 luxury dogs, 8 to 20 years old, 
recorded arteriosclerosis in 10 of the working 
dogs and in 3 of the luxury dogs, or in 23 per 
cent of the total number. The lesions of 7 of these 
dogs consisted of partly rough-surfaced, partly 
smooth-surfaced round or irregular intimal thick- 
enings, while in the other 16 dogs round project- 
ing intimal cushions existed. In 2 instances the 
entire aorta was calcified. The intimal thicken- 
ings were of the fibrous type, containing fat only 
rarely. Medial lesions exhibited local fibrosis and 
occasionally calcification, with fibrillar cartilage 
sometimes surrounding the calcified foci. 
Strauch * made a thorough study of the various 
large and medium-sized arteries of 56 dogs, 47 
of them aged 1 to 5, and 9 of them-aged 5 to 8. 
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He examined the following arteries: the aorta, 
the innominate, subclavian, common and external 
carotid, celiac, superior mesenteric, phrenic, 
renal, internal spermatic, femoral, hypogastric, 
medial sacral, coronary, splenic, hepatic and 
pulmonary arteries and in some cases also the 
cerebral, brachial and saphenous arteries. In 
only 1 of the 47 young dogs early arteriosclerotic 
changes were seen (2.2 per cent). Cushion or 
ridgelike rough intimal fibrous thickenings of 
the aorta, on the other hand, were noted in 6 of 
the 9 old dogs (67 per cent). The lesions were 
usually located distal from the entrances of the 
renal arteries. Fat was rare and scanty in these 
foci. The observations as to the comparative fre- 
quency of arteriosclerosis in old dogs made by 
Strauch * supported by the findings of 
Zinserling ** in 26 old dogs (8 to 28 years of age). 
Every one of these old dogs had fibrous intimal 
thickenings of the aorta; all except 3 had lipoid 
deposits in the aorta, and all of them had such 
lesions in the splenic artery. The fat was usually 
found in the form of fine droplets or as a diffuse 
imbibition in the ground substance of the media 
of the ascending part of the aorta, often arranged 
along the elastic membranes. Macrophages with 
fat were occasionally seen. The type of fatty in- 
filtration of the canine aorta thus differs distinct- 
ly from that found in human atherosclerosis. Ex- 
tensive medial calcinosis and fibrosis, occasionally 
associated with the appearance of cartilaginous 
tissue, was observed by Zinserling *“ in the aortas 
of old dogs (11 to 16 years). Krause,** on the 
other hand, missed any medial calcification in 
even the oldest dog studied by him, and noted 
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medial calcifications of the aorta in only 2 dogs 
with generalized arterial calcifications, which he 
attributed to a disturbance of the calcium metab- 
olism. Fibrous intimal thickenings of the aorta 
are, according to him, commonly present in dogs 
more than 5 years old. 


Special mention may be made of the circular 
fibrous intimal thickening of the medial sacral 
artery of 1 dog. In view of the fact that this was 
practically the only aortic branch which revealed 
any sclerotic change and that the sclerosis was of 
concentric type involving the entire circumfer- 
ence of the vessel, consideration must be given to 
the possibility that changes in the normal hydro- 
static pressure may have been responsible for this 
lesion. It is the medial sacral artery which sup- 
plies blood to the tail of the dog. An amputation 
of this organ would result in a temporary marked 
increase of intravascular hydrostatic pressure, 
which conceivably may elicit the reported type 
of arterial change. This explanation, however, 
must remain speculative, as no data are available 
on the question whether or not this particular 
dog had an amputated tail. 


SUMMARY 


Arteriosclerosis of the aorta is exceptional in 
dogs before the age of 5. The arterial lesions met 
with in dogs are predominantly of the sclerosing 
type. The highly edematous state of the inner 
part of the media of the ascending portion of 
the aorta frequently seen in dogs is either a 
normal anatomic condition or an agonal phenom- 
enon resulting from circulatory disturbances. 
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COMBINED EFFECTS OF AN ESTROGEN 
HYPOPHYSIAL EXTRACT 


OF THE 


AND AN ANTERIOR 
ON THE SKELETON 


GROWING MOUSE 


MARTIN SILBERBERG, M.D., anv RUTH SILBERBERG, M.D. 


ST. 


Estrogen and a hormone produced by the an- 
terior lobe of the hypophysis accelerate skeletal 
aging in growing animals.‘ However, the two 
hormones accomplish this effect in different 
ways: The anterior hypophysial hormone stimu- 
lates growth and hastens epiphysiodiaphysial 
union by inducing premature regression and 
resorption of the epiphysial cartilage; estrogen, 
on the other hand, inhibits growth and resorption, 
thus delaying epiphysiodiaphysial union. In view 
of these contrasting mechanisms we thought it of 
interest to investigate the combined effects of 
these two hormones on skeletal development and 
aging. 

MATERIAL AND METHODS 


Thirty-two virgin female mice 5 to 6 weeks old were 
used. Of these, six pairs of D mice received. subcu- 
taneous injections of 100 rat units of alpha estradiol 
benzoate in sesame oil? once weekly and intraperi- 
toneal injections of 0.1 cc. of an extract of the anterior 
lobe of the bovine hypophysis five times weekly for one 
week, one, three, five, ten and sixteen months, respec- 
tively ; seven pairs of C;H mice were treated correspond- 
ingly for four, six, seven, eight, nine, ten and eleven 
months; three pairs of A mice received the same treat- 
ment for one week, two weeks and one month. The 
anterior hypophysial extract was prepared according to 
the method of Loeb and Basset. Untreated mice and 
animals which had been treated only with the estrogen 
or with the anterior hypophysial extract and which had 
been used in former experiments, served as controls. 
The mice were kept on a standard diet of Purina dog 
chow with water available at all times. At the end of the 
experimental period they were killed with chloroform ; 
the lower part of a femur and the upper part of a tibia 

This investigation was aided by the David May- 
Florence G. May Fund. 

From the Laboratory of Research Pathology, Wash- 
ington University School of Medicine, the Snodgras 
Laboratory, City Hospital, and the Laboratory of the 
Jewish Hospital. 
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were taken out as a whole and prepared for histologic 
examination.* 


HISTOLOGIC EXAMINATION 


The following description is based on the observa- 
tions of the tibia. 

Epiphysial Disk.—After one week of the combined 
treatment the epiphysial cartilage proliferated by way 
of mitosis and underwent marked hypertrophy. How- 
ever, these processes were less intensified than after 
injections of the anterior hypophysial extract alone. The 
individual cartilage cell row was composed of eight 
columnar and one or two hypertrophic cells. The 
corresponding figures for untreated animals were seven 
or eight columnar and two or three hypertrophic cells. 
For mice receiving the anterior hypophysial extract 
alone the figures were seven or eight columnar and 
one or two hypertrophic cells. In animals given the 
estrogen only, there were but five or six columnar and 
one or two hypertrophic cells in the individual cartilage 
row; the mitotic proliferation and the conversion of 
columnar into hypertrophic cartilage cells were markedly 
decreased. On the whole, after one week’s injections 
of the estrogen and the anterior hypophysial extract the 
growth zones resembled closely those seen in mice 
treated with the anterior hypophysial extract alone, but 
calcification and ossification were more accentuated than 
in either the latter or in normal animals. 


If the two hormonal preparations were allowed to act 
for two weeks, the epiphysial plate was narrower than 
ordinarily. Mitotic proliferation and hypertrophy of 
the columnar cartilage were still marked. There were 
five or six columnar and one or two hypertrophic cells 
instead of seven columnar and two or three hyper- 
trophic cells as is normal. In animals given the anterior 
hypophysial extract only, six or seven columnar and 
two or three hypertrophic cells were counted in the 
single cell row; in mice receiving the estrogen alone 
the corresponding figures were five or six columnar and 
one or two hypertrophic cells. Therefore, under the 
combined influence of both hormones the width of 
the epiphysial plate was comparable to that found after 
injections of the estrogen alone; however, both pro- 
liferation and hypertrophy of the epiphysial cartilage 
were less decreased than after administration of the 
estrogen alone. 


After one month of the combined treatment the 
narrowed growth zones were densely calcified. In 


4. (a) Silberberg, M.: 
Med. 32:1423, 1935. 
berg, R.: 


Proc. Soc. Exper. Biol. & 
(b) Silberberg, M., and Silber- 
Am. J. Anat. 68:69, 1941. 
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areas where calcification was somewhat lighter there 
were four or five columnar cartilage cells and one 
hypertrophic cell in a single row. Both cell types were 
smaller than usual; mitoses in the cartilage were scarce; 
calcification was more prominent than after administra- 
tion of the anterior hypophysial extract alone. The 
growth zone appeared at this stage not unlike that seen 
after injections of the estrogen alone; in animals treated 
only with the anterior hypophysial extract bony plugs 
had replaced the destroyed cartilage cell rows and were 
already being 
1 to 4). 


resorbed by advancing marrow (figs. 
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zones which showed resorption by capillaries advancing 
from the marrow. 

After four or five months of combined treatment the 
resorption was even more accentuated: In mice of 
strain C;H the epiphysial plate had to a large extent 
been replaced by a fibro-osteoid tissue originating in 
the metaphysis. In nontreated animals, thick bony plugs 
were present in the inactive cartilage, but there were 
no perforations of the growth zones. Under the in- 
fluence of the anterior hypophysial extract alone, per- 
forations of the epiphysial disks appeared at this stage 
but without the formation of fibro-osteoid tissue. In 





Each of the sections shown was made through the epiphysial disk of the upper part of a tibia of a virgin mouse 


of strain A 9 weeks old. 


Fig. 1—Section from an untreated animal; x 100. The growth zone shows regular configuration. 


Fig. 2.—Section from a mouse given 100 rat units of an estrogen by injection once a week for one month: ~ 100. 
The growth zone is narrowed and heavily calcified; interlacing trabecular bone is seen in the metaphysis. 


Fig. 3.—Section from a mouse given 0.1 cc. of a bovine anterior hypophysial extract by injection five times 
weekly for one month; x 100. The epiphysial cartilage is broken down, showing plug formation. 


Fig. 4.—Section from a mouse given both the estrogen and the anterior hypophysial extract for one month: 
< 100. Note the narrowed, densely calcified growth zone and the numerous thick mature trabeculae in the 


metaphysis. 


Administration of both preparations for three months 
further increased calcification and ossification of the 
cartilage: Numerous bony plugs traversed the growth 


mice receiving only the estrogen the growth zones still 
consisted of a continuous layer of calcified cartilage: 
bone deposition in the epiphysial plate was predominant, 
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whereas resorptive _processes were insignificant (figs. 
5 to 8). 


If both hormonal preparations were given for from 
six to nine months, the fibro-osteoid tissue was re- 
sorbed and replaced by cellular marrow. The wide 
gaps in the epiphysial plate were even more conspicuous, 
since untreated mice of strain CsH show little tendency 
toward perforations of the growth zones. Thus the 
skeletal age of the epiphysial disk was comparable to 
that of untreated virgin mice during the second year 
of life. After administration of the estrogen alone, no 
such perforations were found; in mice receiving only 
the anterior hypophysial extract, resorption progressed, 
still without production of fibro-osteoid tissue. 


[If the combined treatment was continued further, 
only scanty remnants of calcified cartilage were left of 
the epiphysial disk or it was converted into a thin bony 
scar, both rather uncommon occurrences in old un- 
treated mice. After months of injections, 
epiphysiodiaphysial union was not so far advanced as 
in animals given the anterior hypophysial extract alone; 
however, resorptive processes were more advanced than 
in mice receiving only the estrogen (figs. 9 to 12). 


fourteen 


Diaphysis—After one and two weeks of the combined 
treatment the osetoblasts in the metaphysis and along 
the bony trabeculae proliferated by way of mitosis. 
There was more connective tissue in the subepiphysial 
layer than usual; the spicules were thicker than ordi- 
narily or after treatment with either hormonal prepara- 
tion alone. There was less vascularization than after 
injections of the anterior hypophysial extract but more 
than after administration of the estrogen only. The 
trabeculae were firmer, shorter and more widely spaced 
than under the influence of the estrogen. 


After one month of the combined treatment a trans- 
verse bony plate had been laid down beneath the calcified 
cartilage, indicating cessation of growth. The meta- 
physial connective tissue had further increased in density 
and amount; osteoblastic proliferation showed a marked 
decline but no standstill as in estrogen-treated animals ; 
the trabeculae were coarser, more numerous and much 
thicker than during the earlier stages. However, the 
interlacing bony network, so prominent after injections 
of estrogen alone, was not found (figs. 1 to 4). The 
vessels of the shaft were moderately filled; mitotic 
proliferation of the periosteum and the endosteum was 
scarce or lacking; the compacta was thicker than usual 
and contained numerous small osteocytes. In untreated 
animals osteoblastic proliferation was still marked at 
this age. After injections of the anterior hypophysial 
extract, osteoblastic proliferation was stimulated, the 
shafts contained enlarged capillaries, and the periosteum 
and the endosteum were loosened. In estrogen-treated 
animals, on the other hand, the vascular canals were 
narrowed and less numerous than ordinarily; a dense 
connective tissue had developed in close approximation 
to the thickened shafts, and mitotic proliferation in this 
tissue was scarce, if present at all. 


After three months of treatment the transverse bony 
plate underneath the calcified cartilage was irregular 
and thinned out. It was connected with the interlacing 
spicules now present throughout the metaphysis and in 


the corners between the metaphysial plate and the shaft. 
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This network was at the same time being resorbed by 
a fibro-osteoid tissue which also penetrated into the 
remnants of the epiphysial disk (figs. 5 to 8). Between 
the spicules and the fibro-osteoid tissue some marrow 
was found. Farther distally, the hemopoietic marrow 
was more prominent, but it still contained undissolved 
irregular trabeculae. This or a similar histologic pat- 
tern was never observed in the metaphysis of any un- 
treated mouse or of any receiving only the anterior 
hypophysial extract. The condition resembled that seen 
in mice treated with the estrogen for six or more months, 
that is, twice as long as in the series given the combined 
treatment. 


After four, five or six months of the combined treat- 
ment the resorptive processes were accentuated. The 
bony plate underneath the calcified cartilage was cor- 
roded from below by marrow; the connective tissue in 
the metaphysis showed better vascularization and less 
hyalinization than at the earlier stages; the spicules 
were thinned out and shortened, and the shafts were 
likewise thinner. There was less bone present than 
before and less than after injections of the estrogen 
alone. However, bony tissue was more abundant than 
in either untreated animals or mice receiving the an- 
terior hypophysial extract. 


If the administration of both the estrogen and the 
anterior hypophysial extract was continued, the resorp- 
tive processes were further intensified, and they were 
ahead of those found after treatment with the estrogen 
alone. In mice treated for seven to nine months, there 
were only traces of a thin bony network in the marrow 
cavity, and after sixteen months most of the excess 
bone and the connective tissue had disappeared. There 
were still scanty remnants of irregular spicules which 
distinguished this series from untreated animals as well 
as from those given the anterior hypophysial extract 
alone (figs. 9 to 12). 

Joints—In mice treated with both the estrogen and 
the anterior hypophysial extract for from one week to 
one month the articular cartilage cells underwent slight 
to moderate hyperplasia and hypertrophy and at the same 
time some degeneration, changes that were classified as 
grade I. With increasing duration of the experiment, 
these alterations did not make much progress. As a rule, 
the cartilaginous matrix underwent pronounced hyalini- 
zation. Only 1 animal showed articular changes of grade 
II, namely, moderate proliferation and regression of the 
cartilage. Grade III, that is typical osteoarthritic 
changes, were not observed in the animals given the 
combined treatment, whereas such lesions did occur in 
many untreated old mice.® Administration of the 
estrogen alone decreased the incidence and the severity of 
these articular changes; conversely, treatment with the 
anterior hypophysial éxtract alone hastened their onset 
and increased their incidence and severity. Under the 
influence of both preparations the hyalinization of the 
cartilage caused by the estrogen probably counteracted 
the liquefying effect of the growth-stimulating factor in 
the anterior hypophysial extract and thus prevented a 
breakdown of the articular cartilage. 
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Each of the sections shown was made through the epiphysial disk of the upper part of a tibia of a virgin mouse 
of strain C;sH 6 months old. 


Fig. 5—From an untreated animal; x 100. Note plugs of regressed cartilage in the inactive growth zone. 


Fig. 6.—From a mouse which had received 100 rat units of an estrogen by injection once a week for five months; 
<x 100. A dense interlacing trabecular network may be seen in the metaphysis, with scanty remnants of marrow 
between the spicules. 

Fig. 7—From a mouse which had received 0.1 cc. of a bovine anterior hypophysial extract by injection five 
times weekly for five months; x 100. The growth zone is represented by a bony plate containing remnants of 
calcified cartilage. Note the wide communication between the epiphysis and the diaphysis. 

Fig. 8.—From a mouse to which both the estrogen and the anterior hypophysial extract had been administered 


for five months; x 140. In the left upper corner of the growth zone are small amounts of cartilage. Fibro-osteoid 
tissue has developed in the epiphysis and the diaphysis. 
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Each of the sections shown was made through the epiphysial disk of the upper part of a tibia of a virgin mouse 
of strain D 17 months old. x 100. 


Fig. 9.—Section from an untreated animal; x 100. Note remnants of calcified cartilage in the growth zone 
perforated by bone marrow. 


Fig. 10.—Section from a mouse given 100 rat units of an estrogen by injection once weekly for sixteen months ; 
<x 140. Note remnants of calcified cartilage in the growth zone and formation of fibro-osteoid tissue in the metaph- 
ysis. 

Fig. 11.—Section from a mouse given 0.1 cc. of a bovine anterior hypophysial extract by injection five times 
weekly for sixteen months; x 100. There is complete epiphysiodiaphysial union, with wide communications between 
the epiphysis and the diaphysis. 

Fig. 12.—Section from a mouse to which both the estrogen and the anterior hypophysial extract had been 
administered for sixteen months; x 100. A bony scar has taken the place of the growth zone. The marrow is 
cellular, and no trabecular bone is present. 
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A certain antagonism between the effects of 
anterior hypophysial and estrogenic hormones 
has been demonstrated in various tissues: An 
extract of the anterior lobe of the hypophysis 
loosens the connective tissue * and increases the 
vascularity and the uptake of water by the tis- 


TasBLe 1.—Skeletal Changes After One Month of 








Treatment 
Anterior 
Anterior Hypophysial 
Hypophysial Extract and 
Extract Estrogen Estrogen 
{ Growth Increased Decreased Somewhat 
Epiphys- j decreased 
ial car- 
tilage | Regres- Increased Increased Markedly 
| sion increased 
{ Connee- Loosened, Hyalinized, Somewhai 
tive with vascu- with vaseu- hyalinized, 
tissue larization larization with vascu- 
Metaph- increased decreased larization 
ysis decreased 
Bone Ossification Resorption Fairly long, 
increased; decreased; mature thick 
short interlacing trabeculae 
trabeculae trabeculae 





sues. Estrogen, on the other hand, promotes 
the deposition of hyalin in the uterus, the vagina 
and the adrenal glands,° in cartilage and in mar- 
row,'® and it decreases the water content of the 


long bones.™ 


In view of these antagonisms it might be as- 
sumed that estrogen and the growth-promoting 
hormone of the anterior lobe of the hypophysis 
would each diminish the effect of the other. 
However, this does not seem to be generally true. 
The accompanying tables demonstrate in a sche- 
matic way skeletal changes caused by injections of 
(a) an anterior hypophysial extract, (>) estradiol 
benzoate in sesame oil and (c) both together. 


After one month of the combined treatment 
(table 1), the growth of cartilage was less de- 
creased, and the connective tissue was less hyalin- 
ized and better vascularized, than after injections 
of the estrogen alone. Moreover, the increased 
resorption caused by the anterior hypophysial 
extract prevented the interlacing of the bony 
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spicules seen after treatment with the estrogen. 
Whereas these findings may be interpreted as 
antagonistic effects, there was also a certain 
synergism of the two hormones noticeable. The 
regression of the cartilage was more marked, and 
the bone was thicker, than after treatment with 
either alone. The changes in the bone represent 
a combination effect involving two different 
mechanisms: The anterior hypophysial extract 
stimulated osteoblastic bone formation; the 
simultaneously injected estrogen diminished the 
osteoblastic activity. But this decrease in active 
bone formation was more than compensated for 
by the lag of resorption of the primary spicules. 


The findings after six months of treatment are 
summarized in table 2. The synergistic action of 
the estrogen and the anterior hypophysial extract 
is reflected in the marked resorption of ‘the epi- 
physial plate, which was more advanced than after 
treatment with either alone. Whereas under the 
influence of the anterior hypophysial hormone the 
epiphysial plate was resorbed by marrow, in the 
series given both preparations it was dissolved by 
fibro-osteoid tissue. The latter appeared earlier 
than in animals treated with the estrogen alone. 
In no instance was this tissue tumorous in char- 
acter; it disappeared as soon as the excessive 
bone had been resorbed. This suggests that the 
fibrous metaplasia of the marrow represents a 
reaction of the organism to the excess bone and 
not simply a specific hormonal effect. In normal 
animals, as well as in those treated with the an- 


Taste 2.—Skeletal Changes After Six Months of 








Treatment 
Anterior 
Anterior Hypophysial 
Hypophysial Extract and 
Extract Estrogen Estrogen 
Epiphysial Inactive, Ossifying, Marked resorp 
cartilage with marked inactive, tion by connec 
resorption with little tive tissue; 
by marrow resorption fibro-osteoid 
tissue present 
Metaphysis Hemopoietic Much trabec- Fibro-osteoid 
marrow ular bone, tissue present 
present; few some inter- 
thin trabeculae lacing 


Articular 
cartilage 


Softened, 
hypertrophic 
and hyperplastic 


Hyalinized Hyalinized 





terior hypophysial extract, the solution of the 
trabeculae is accomplished by capillaries or body 
fluids. The more abundant and the denser the 
bone, the more inadequate are the normal 
mechanisms of solution. It is conceivable that the 
additional resorptive power of connective tissue 
is needed to restore the normal tissue equilibrium. 
A direct stimulation of the connective tissue by 
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the anterior hypophysial hormone may partly 
account for the early fibrous metaplasia of the 
marrow. 


In a previous investigation * we examined the 
effects of syngenesiotransplants of the anterior 
lobe of the mouse hypophysis. Not only did 
these transplants give off hormones acting on the 
skeleton but they also stimulated the production 
of estrogen in the transplant-bearing host. The 
latter was thus exposed to increased amounts of 
both anterior hypophysial and estrogenic hor- 
mones. In these animals the growth of cartilage 
was inhibited presumably because of the pre- 
dominance of the estrogen effect. On the other 
hand, the anterior hypophysial hormone appar- 
ently maintained the proliferation of the cartilage 
longer than ordinarily.. Whereas these findings 
likewise indicated an antagonistic action of the 
two hormones, others suggested a certain syner- 
gism. As in the present series, the regression of 
the epiphysial cartilage was more intense and 
more bone was formed than after treatment with 
either the estrogen or the anterior hypophysial 
extract alone. 

Thus, the skeletal effects of anterior hyophysial 
and estrogenic hormones are opposed to each 
other in some respects, but they do not neutralize 
each other. In the present experiments the 
estrogen effect on the bone tended to outbalance 
that of the anterior hypophysial hormone. The 
following. factors may be responsible for this 
occurrence: 1. The anterior hypophysial 
extract loses its effectiveness with prolonged ad- 
ministration." 2. There is a gradation in the 
reaction of various species to hormonal stimula- 
tion. The sensitivity of the skeletal tissues to 
estrogen increases in the following order : guinea 
pig, rat, mouse ; on the other hand, mice respond 
to anterior hypophysial extract less readily than 
guinea pigs. The predominance of the estrogen 
etfect in our mice may thus have been due to the 
greater responsiveness of this species to estrogen 
than to the anterior hypophysial hormone. 3. 
The dose of the estrogen given may have been 
too high in proportion to that of the anterior hypo- 
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physial extract. However, it is difficult to obtain 
consistent bone changes in mice with doses less 
than 100 rat units weekly. On the other hand, 
the dose of the anterior hypophysial extract given 
was fairly high already. 

The present observations suggest that estro- 
gen acts on the skeleton directly and not by 
mediation of the anterior lobe of the hypophysis. 
If the estrogen effects were the result of an 
inhibition of the anterior lobe of the hypophysis, 
they should have been counteracted by the ad- 
ministration of an extract of the anterior lobe of 
the pituitary gland. Moreover, if the estrogen 
effects were mediated in some other way by the 
anterior lobe of the hypophysis, they should be 
lacking in hypophysectomized animals. How- 
ever, in pigeons hypophysectomy did not 
measurably modify the medullary bone formation 
and the increase of the serum calcium seen under 
the influence of estrogen.** Furthermore, in 
hypophysectomized mice, estrogen increased the 
ash content of the long bones, although to a lesser 
extent than in intact animals.** 


SUMMARY 


In growing mice the skeletal effects of estrogen 
can be modified by the simultaneous administra- 
tion of an extract of the anterior lobe of the 
hypophysis. The two hormones oppose each other 
in their action on the growth of cartilage, but 
they cooperate in accelerating the age changes in 
the latter and in the overproduction of bone, 
anterior hypophysial hormone by stimulating 
osteoblastic bone formation and estrogen by pro- 
moting hyalinization of the marrow and’ by in- 
hibiting the resorption of bone. Thus, the two 
hormones do not neutralize each other but each 
tends to exert its own effects on the receptor tis- 
sue. The skeletal effects of estrogen are direct 
ones and not mediated by the anterior lobe of the 
hypophysis. 
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Tularemia in man has been well characterized 
from the standpoint of pathology in various re- 
ports based on autopsies in 73 cases. In the great 
majority of these cases the interval between the 
onset of the disease and death exceeded twelve 
days, and we have found only 1 case reported 
with autopsy in which the duration of the disease 
was less than eight days (four days seven hours ).’ 
We wish to report a case with autopsy in which 
the duration was four days sixteen hours. In this 
case cough was one of the earliest symptoms, Pas- 
teurella tularensis was present in the sputum 
sixteen hours after onset, and the only organisms 
demonstrated in the sections of the pneumonic 
jung were morphologically consistent with P. 


tularensis. 
REPORT 


OF A CASE 

R. P., a white woman aged 55 years, was admitted 
to the United States Marine Hospital, Baltimore, com- 
plaining of cough, fever, headache, weakness, and pains 
in bones, muscles and joints. Except for Q fever in 
1940, the past medical history was of no interest. 

The patient was a technician in a laboratory where 
tularemia and leptospirosis were under experimental 
investigation. However, she did not come in intimate 
contact with tularemic animals and did not handle cul- 
tures of P. tularensis. 

On Sept. 6, 1944, about 5 p. m., while on her way home 
from work, the patient felt feverish and shortly after- 
ward a severe headache, cough, nausea and pains in 
muscles, bones and joints developed, with general 
malaise. The cough was irritating and dry. She slept 
poorly that night and had two or three loose bowel move- 
ments. In the morning her temperature was 103 F., 
and the symptoms were more severe, particularly the 
cough. Blood and sputum were obtained for culture 
and animal inoculation, and she was taken to the hos- 
pital at 4 p. m., September 7. On arrival her tem- 
perature was 104.4 F., with a pulse rate of 120. 
Examination on admission showed moderate obesity, 
flushing of the face, moist skin, slightly inflamed con- 
junctivas with increased lacrimation, a somewhat con- 
gested nasal mucous membrane with little seromucoid 
discharge, a moderately inflamed and slightly edematous 
throat and some coating of the tongue. The lymph 
nodes were neither enlarged nor tender. Dry crackling 
rales were heard throughout both lung fields. Respira- 
tion was normal. There were no areas of dulness. 
The remainder of the examination showed only vari- 
cosities of the legs and hyperactive reflexes. 





From the Pathology Laboratory, National Institute 
of Health, Bethesda, Md., and the Department of Pathol- 
ogy, United States Marine Hospital, Baltimore. 

1. Simpson, W. M.: Arch. Path. 6:553, 1928. 
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A roentgenogram of the chest made twenty-four 
hours after onset of the illness showed in the hilar 
portion of the right lung an early infiltrating lesion. 
Supportive and symptomatic treatment was instituted, 
but the patient’s condition gradually became worse. A 
second roentgenogram, made sixty-six hours after onset, 
showed dense infiltration radiating outward from the 
right hilus. September 9 administration of 1 Gm. of 
sulfadiazine every four hours was begun. September 10 
the patient’s condition was still worse with a tempera- 
ture of 105.2 F., a pulse rate of 104 and respirations 64; 
the administration of sulfadiazine was discontinued, 
morphine given and the patient placed in an oxygen 
tent. September 10 the animals inoculated with the 
patient’s sputum, collected sixteen hours after onset of 
the disease, were reported as suggesting tularemia; so 
that evening the patient received two 500 cc. trans- 
fusions of whole blood from immune donors and 60 cc. 
of Foshay’s antitularemic serum in 1,000 cc. of 5 per 
cent dextrose in saline solution. During the night, how- 
ever, she became more restless, more cyanotic and irra- 
tional. The blood pressure dropped from 145 systolic to 
120 systolic and 110 diastolic. Early in the morning of 
September 11 respiration became quite rapid and weak, 
cyanosis deepened, and death occurred at 9:05 a. m., 
approximately four and one-half days after onset of 
illness. 

On the morning of September 8 the blood gave a red 
cell count of 4,454,000, a hemoglobin content of 13.5 
Gm. and a white cell count of 12,500. The differential 
count showed 80 neutrophils, of which 18 were stab 
forms, 19 lymphocytes and 1 a monocyte. Toxic granules 
were present in the neutrophils. The sedimentation 
rate was 51 mm. in one hour. Examination of sputum 
(smear and culture) showed a predominance of Strepto- 
coccus viridans; pneumococci were not found. Serum 
agglutination reactions for typhoid H, paratyphoid A, 
and paratyphoid B bacilli were positive to a dilution 
of 1:20. Culture of the blood, examination of the stool, 
dark field examination of the urine and serum aggluti- 
nation tests with typhoid O, Brucella abortus, Proteus 
OX-19, P. tularensis, Leptospira canicola and Leptospira 
icterohaemorrhagiae as antigens gave negative results. 
Cultures of stool and urine were negative for patho- 
genic bacteria. The urine showed albumin (+++), 
4 to 6 pus cells per high power field, many granular 
casts and an occasional red blood cell. 

Autopsy.—External examination revealed nothing of 
significance. Each pleural space contained 30 to 40 cc. 
of yellowish fluid, and 20 cc. was present in the peri- 
cardial sac. 

The left lung was soft and crepitant, and weighed 
580 Gm. The cut surface showed congestion and edema 
throughout. The right lung weighed 820 Gm. There 
were marked edema and congestion of the upper and 
middle lobes. The upper portion of the lower lobe was 
completely consolidated, and over this portion there were 
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numerous petechial hemorrhages. On section of the 
lobe there was seen in the consolidated portion an oval 
area, measuring 3 by 5 cm., which appeared granular, 
more dense and of lighter color than the surrounding 
tissue. The hilar lymph nodes on the right side were 
moderately enlarged and anthracotic. 

The aorta showed a little atherosclerosis. 

The peritoneal cavity contained 140 cc. of yellowish 
fluid. The liver weighed 1,900 Gm.; it had a rather 
light color, and the cut surface showed yellowish 
mottling but no focal necrosis. The spleen weighed 
220 Gm.; it had a soft pulp but showed no foci of 
necrosis. 

With the exception of a small shallow, apparently 
inactive ulcer in the duodenum, the gastrointestinal tract 
was normal. The gallbladder showed considerable 
edematous thickening. The adrenal glands were con- 
gested, with a few small hemorrhages. The kidneys 
were not enlarged; the cut surfaces were congested, and 
there was some loss of demarcation between cortex 
and the medulla. The urinary bladder contained 350 
cc. of urine. The pancreas was congested. A 7 mm. 
fibroid was present in the left cornu of the atrophic 
uterus. The heart, the ureters, the ovaries and the 
fallopian tubes were normal. 

Vicroscopic Examination —Lung: In the completely 
consolidated areas an apparent nodularity was seen under 
low power, produced by variation in the character of the 
exudate. Undulating and anastomosing bands in which 
the alveoli were filled with a largely fibrinous exudate 
separated areas in which the alveolar exudate was al- 
most entirely cellular. This microscopic pseudonodular 
effect was heightened by the fairly sharp line between 
the alveoli with cellular and those with largely fibrinous 
exudate. The cellular exudate in some blocks showed 


marked karyorrhectic necrosis with loss of identity of the 


cells. Caseous necrosis of the exudate was not present, 
and necrosis of alveolar septums was seen in only a few 
small areas. In areas of less advanced karyorrhexis 
many cells were identified as large mononuclears, the 
nuclei being round, indented or lobated Also in such 
areas occasional to few polymorphonuclear leukocytes 
were seen, While fibrin was generally not present in 
these alveoli, a few showed thick and often fragmented 
fibrin strands. In the alveoli in which the copious 
fine-meshed fibrin formed the bulk of the exudate, cells 
were present usually in small numbers. These cells 
usually were well preserved and could be identified with 
certainty. Polymorphonuclear leukocytes and large 
mononuclear cells were present in about equal number, 
sometimes the one, sometimes the other type, predomi- 
nating. The alveoli bordering the area of complete 
consolidation contained lesser amounts of fibrinocellular, 
serocellular or serous exudate. Here also the cells were 
well preserved and moderate numbers of polymorpho- 
nuclear leukocytes were identified. The somewhat thick- 
ened and edematous alveolar septums focally were infil- 
trated by a few lymphocytes and large mononuclears and 
were often covered by a continuous layer of hypertrophic 
cuboidal cells. In consolidated areas the small bronchi 
and bronchioles were filled with exudate similar to that 
in the alveoli, fibrin usually being abundant. The walls 
showed a loose structure, some edema and patchy infil- 
tration by lymphocytes, mononuclears and fewer poly- 
morphonuclear leuekocytes. In some the epithelium 
was absent from a portion of the wall, with the exudate 
lying directly on the basement membrane ; necrotic epi- 
thelial cells were rare. The perivascular connective 
tissue, the interlobular septums and the pleura showed 
changes similar to those of the bronchial walls, with 
considerable variation in degree in different areas. The 
pleura was covered by a layer of laminated fibrin in 
which relatively few cells were present. 
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Two blocks of tissue from the grossly nonconsolidated 
portions of the lung showed small areas in which changes 
in the alveolar septums were similar to those at the 
border of consolidated areas, though less marked. In 
such areas the alveoli contained a little serum, fibrin 
or few to many cells. Although some of these were 
macrophages, polymorphonuclears usually were the most 
numerous. 

Bronchial Lymph Nodes (right) : These nodes showed 
a few focal lesions, the largest of which measured 2 mm. 
in diameter. Each lesion was formed of large mono-’ 
nuclear cells showing advanced karyorrhectic necrosis 
in the central part of the lesion. The lymphoid follicles 
were small, and there was moderate irregular reticulo- 
endotheliosis of sinus and pulp. Many of the reticulum 
cells contained particles of carbon. Bacteria were not 
found. 

Heart: A moderate number of muscle fibers showed 
epinuclear accumulation of brown granular pigment. 

Liver: The central half to three fourths of all lobules 
of the liver showed narrowing of liver cell cords, corre- 
sponding widening of sinusoids, oxyphilia of the cyto- 
plasm of liver cells, variable degrees of karyolysis, 
absence of some cells and frank necrosis of a few. In 
such areas there were a few to a moderate number 
of neutrophils between cell cords and sinusoids and in 
the sinusoids. In periportal areas the liver cells con- 
tained a few fine fat droplets, This graded to the 
center of lobules, where the fat was moderate in amount ; 
here a few fat globules were large. 

Kidney: A little oxyphilic coagulum was present in 
some glomerular spaces. The epithelial cells of con- 
voluted tubules were large and granular. A very few 
small patches of interstitial cortical fibrosis were seen. 

Spleen: The spleen showed moderate congestion of 
pulp and sinus with very slight irregular polymorpho- 
nuclear leukocyte infiltration. There was one lesion 
present in the pulp. It measured 500 microns in diam- 
eter and was similar to those in the lymph nodes. The 
follicles were small and showed no activity. Bacteria 
were not found. 

Stomach and Duodenum: There was slight focal 
lymphocyte infiltration in the deep mucosa of the pylorus 
and among Brunner’s glands of the duodenum. 

Adrenal Glands: ‘The adrenal glands showed slight 
focal interstitial lymphocyte infiltration of the cortex. 
In one adrenal gland there was a 15 mm. centrally located 
adenoma formed of spongiocytes. 

Gallbladder: The perimuscular coat showed marked 
edematous thickening with a few lymphocytes in the 
inner part of this layer. 

Uterus: The endometrium was atrophic. A small 
leiomyoma was present in the outer myometrium. There 
was considerable fibrosis of the wall of the cervix. 

Demonstration of Bacteria by Staining: All of the 
tissues for histologic study were fixed in a 3.8 per cent 
solution of formaldehyde. In paraffin sections of the 
lungs stained with hematoxylin and azure eosinate,? 
very faintly stained small intracellular bodies were seen. 
For their further study the buffer level of the stain 
mixture was shifted from pu 4.6 to pu 5. This gave a 
preparation that was too blue for good nuclear detail, 
but the basophilia of the minute intracellular bodies 
was considerably increased. In such a preparation the 
bacteria were seen as minute coccoid and coccobacillary 
forms and were gram negative. They were found in 
greater numbers in the cellular exudate showing only 
slight karyorrhectic necrosis. They were, however, 
seen frequently in the areas marginating the completely 
consulidated lung and in this location were found with 
greater ease since the exudate was well preserved. They 


2. Lillie, R. D.: Stain Technol. 16:1, 1941. 
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A, B, C and D, intracellular coccoid and coccobacillary organisms in exudate of pulmonary alveoli. A, B and C, 
< 1,000; D, 1,500. E, consolidated lung showing contrasting cellular and fibrinous exudate; 100. The scattered 
cells enmeshed in fibrin are relatively well preserved. FF, small area of recent pulmonary involvement; x 200. 
Many such areas were present in the grossly nonconsolidated portion of the lung. G, alveolar exudate in an area <5 
similar to that shown in F; x 775. The majority of the cells are polymorphonuclear leukocytes. H, focal lesion 
in bronchial lymph node; * 90. 
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occurred in both mononuclear cells and polymorpho- 
nuclear leukocytes, usually in small clusters. A few 
cells filled with the organisms were seen in scattered 
areas. Their distribution was patchy, and when one 
parasitized cell was found, others in the same alveolus 
also were likely to contain bacteria. They were found 
in cells of the bronchial exudate but were not seen in 
the swollen cells lining the alveoli. In identifying these 
organisms as P. tularensis, minute pigment granules, 
nuclear fragments and mast cell granules were seen 
and recognized as such. No other bacteria were 
observed. 

Cultural Studies and Animal Inoculations.—This part 
of the investigation was made by Passed Assistant 
Surgeon Carl L. Larson. The following: paragraphs are 
from his report: 

“Specimens of sputum and blood were obtained on 
September 7, about sixteen hours after the onset of 
illness. Cultures of whole blood on dextrose—cystine- 
blood agar remained sterile, and mice inoculated with 
blood failed to show signs of illness. No cultures were 
made of the sample of sputum, but the specimen was 
emulsified in salt solution and injected subcutaneously 
into the guinea pigs and intraperitoneally into mice. 
These animals were ill on September 9 and cultures of 
P. tularensis were obtained from both guinea pigs and 
mice. 

“Material taken at the autopsy was not cultured on 
mediums as it was thought that the tissues were con- 
taminated. All were emulsified separately in salt solu- 
tion and inoculated into guinea pigs. All these animals 
became ill between the third and the fifth day after 
inoculation and cultures of P. tularensis were obtained 
from animals inoculated with cardiac blood, liver, spleen 
and two specimens of lung tissue. No other material 
was examined.” 

COMMENT 

The exact number of cases of death from 
tularemia in which autopsies have been made is 
difficult to determine since a few were included 
among collected cases as unpublished data and 
later were reported in detail by different authors. 
Including collected cases and original reports, 
Lillie and Francis* in 1936 and Foshay * 
in 1937 published pertinent data on 51 cases. 
Since that time we have found published reports 
of 22 cases in which necropsy was done,*® making 
a total of 73. In all of these cases except that 
of Simpson? the duration of the disease was 
eight days or longer. In Simpson’s case the 
duration was four days seven hours. 


3. Lillie, R. D., and Francis, E., in Lillie, R. D., and 
others: The Pathology of Tularemia, National Insti- 
tute of Health Bulletin 167, United States Treasury 
Department, Public Health Service, 1936. 

4. Foshay, L.: Arch. Int. Med. 60:22, 1937. 

5. (a) Pund, E. R., and Hatcher, M. B.: Ann. Int. 
Med. 10:1390, 1937. (hb) Mathews, W. R.: New 
Orleans M. & S. J. 90:479, 1938. (c) Kimmelstiel, P., 
and Caldwell, H. W.: Am. J. Path. 15:127, 1939. 
(d) Kitzmiller, K. V.: Ann. Int. Med. 12:1375, 1939. 
(e) Ziferstein, I.: J. Iowa M. Soc. 30:65, 1940. (f) 
Dredge, T. E.: M. Bull. Vet. Admin. 16:337, 1940. 
(9) Blackford, S. D., and Casey, C. J.: Arch. Int. Med. 
67:43, 1941. (h) Ransmeier, J. C., and Schaub, I. G.: 
ibid. 68:747, 1941. (7) Anschuetz, R. R.: Am. J. Dis. 
Child. 62:150, 1941. (7) Kennedy, J. A.: J. A. M. A. 
118:781, 1942. (k) Thomas, H. B.: Ann. Int. Med. 
17:659, 1942. (1) David, J. K., Jr., and Owens, J. N., 
Jr.: Am. J. Dis. Child. 67:44, 1944, 
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Certain evidence in this case suggests that in- 
fection took place by the upper respiratory route. 
The patient, a laboratory technician, did not 
handle the infected animals or cultures of the 
organisms. Cough and fever were among the 
first symptoms, and P. tularensis was demon- 
strated by animal inoculation in the sputum 
obtained sixteen hours after the onset of illness. 
At this time similar inoculation of blood gave 
negative results, and culture of the blood obtained 
forty hours after onset also gave negative results. 
It appears also that significance should be at- 
tached to the fact that only one lesion was found 
in the sections of spleen, whereas multiple and 
larger lesions were seen in the bronchial lymph 
nodes. Comparison of roentgenograms revealed 
pulmonary involvement twenty-four hours after 
the onset of illness. In our opinion, the circum- 
stances and findings just related strongly suggest 
that pulmonary involvement was primary, with 
septicemia and involvement of bronchial lymph 
nodes and spleen secondary. It is realized that 
accidental ingestion of contaminated material 
must be considered in this case, but we find no 
evidence to support such a thesis. 

The extent of the pulmonary involvement was. 
much greater than that represented by the con- 
solidated area seen on gross section. In paraffin 
sections made from the nonconsolidated portions, 
we noted some edema fluid, fibrin and variable 
numbers of cells in many alveoli, with associated 
swelling of the alveolar epithelium. Such in- 
volvement evidently contributed to the production 
of the cyanosis noted clinically. The microscopic 
observations on the lungs of this patient varied 
from those on the lungs of most patients whose 
cases have been published previously in showing 
more fibrin, absence of caseous necrosis and more 
polymorphonuclear leukocytes in the exudate. 
It is likely that the two latter variations are 
related to the short duration of the disease in 
that polymorphonuclears appeared to be more 
frequent and exudate much better preserved at 
the advancing margins of the pneumonic focus. 
It has been pointed out by some authors that 
karyorrhectic mononuclear cells may be mistaken 
for polymorphonuclears. This is indeed true, 
but our reference to these cells is based on their 
identification in well preserved exudate. The 
statement is often made that the presence of 
polymorphonuclears in significant numbers indi- 
cates a secondary infection with pyogenic bac- 
teria. While this may be the explanation in 
many cases, the only bacteria found in the lung 
in this case were morphologically similar to P. 
tularensis. It is possible that early in the ex- 
udative process polymorphonuclears are fairly 
numerous and only later are overshadowed by 
the mononuclear reaction. 

P. tularensis has been identified rarely in 
stained human tissues although prolonged search 
has been made for it with use of special staining 
procedures. Lillie and Francis* were unable 
to identify the organisms in their material. 
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They had the opportunity to study tissue from 
some of their collected cases in which the finding 
of P. tularensis had been reported. They also 
were unsuccessful in identifying them in these 
tissues and pointed out that confusing basophilic 
bodies may occur in degenerating tissue, and that 
Gram stains should be made to exclude the gram- 
positive cocci. In the 22 cases with auotpsy ° 
that we have found recorded since 1937, bacteria 
morphologically similar to P. tularensis were 
described in tissue sections in 1 case *® and in 
tissue smears (made at auopsy) in 3 others.** 
We feel certain of the microscopic identification 
of the organisms in the lung of our patient, based 
on morphology and their occurrence in clusters 
in certain cells and supported by the fact that the 
organisms were recovered from sputum collected 
sixteen hours after the onset of illness and from 
lung tissue after death (animal inoculation).°® 


6. Drs. R. D. Lillie and Edward Francis examined 
the stained sections of lung in this case and agreed that 
the organisms were morphologically consistent with those 
seen in experimental animals. 
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The route of infection, the apparently primary 
pulmonary involvement, the short duration and 
the apparent lack of resistance on the part of the 
patient are probably related to the facility with 
which the organisms were demonstrated in the 
lungs. 

SUMMARY 


In the case of laboratory tularemia with 
autopsy reported the evidence suggests that infec- 
tion took place by the upper respiratory route. 
P. tularensis was demonstrated in the consoli- 
dated lung. No other organisms were found. 
A few necrotic foci were observed in the bron- 
chial lymph nodes and one in the spleen. There 
was centrolobular degeneration of the liver but 
no focal lesions. P. tularensis was isolated by 
animal inoculation from the sputum sixteen hours 
after onset and from the lung, the liver, the 
spleen and the cardiac blood at autopsy. Inocu- 
lation of animals with blood and culture of blood 
on the first day of illness and on the second day 
gave negative results. 
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MINNEAPOLIS 


Since the monographic studies of Cushing and 
Bailey, Lindau? and Bergstrand, Olivecrona 
and Tonnis,’ a extensive literature has 
accumulated on the subject of vascular tumors of 
the intracranial cavity. Although much progress 
has been made in knowledge of the clinical and 
pathologic features of these lesions, yet much 
confusion remains, as indicated by the multi- 
plicity of nomenclature and classification. Many 
different vascular lesions have been recorded 
under the same title, whereas similar lesions have 
been recorded under a wide variety of. titles. 
Furthermore, a large number of the classifica- 
tions that have been presented for these vascular 
tumors are conflicting. This almost complete 
lack of standardization in nomenclature and 
classification has made the evaluation of the 
already abundant literature highly difficult. 

Nevertheless a comprehensive evaluation of 
the literature is warranted in order that one may 
arrive at some correlation between these various 
nomenclatures and classifications. 


most 


NATURE OF THE VASCULAR TUMORS 


There are two main types of vascular tumors. 
They are referred to as angioma and angio- 
blastoma. Angioma is a tumor composed of blood 
vessels of adult structure, while angioblastoma is 
comprised of embryonic vascular channels and 
proliferating vasoformative cells. 

A prodigious amount of discussion has been 
recorded as to whether or not the tumors called 
angioma are true neoplasms or mere malforma- 
tions. Cushing and Bailey, Raney and Cour- 
ville,* Levine,’ Luschka,* and Dandy? were 
among those who expressed the belief that these 
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microbiol. Scandinav. 


tumors represent congenital anomalies. Globus * 
and Laidlow and Murray® postulated that 
angioma arose from a vestigial structure or a 
phylogenetic remnant, such as the gill arch. 
Schiick *° agreed that it was the result of 
faulty development but felt that it was capable 
of spontaneous and autonomous’ expansile 
growth. A number of authors have employed the 
term “hamartoma” instead of “angioma.” 
Schmolck,"! and Albrecht '* defined the term 
“hamartoma” as designating a tumor-like anom- 
aly, thereby evading the issue. Turner and 
Kernohan ** also used this term but regarded the 
lesion as a pure malformation. They stressed the 
belief that angioma increases in size by enlarge- 
ment of its individual vessels rather than by 
actual growth. Moolten,’* on the other hand, 
expressed the opinion that hamartoma is capable 
of becoming cancerous and regarded angio- 
blastoma as hamartoma rather than angioma. 
Bergstrand and his co-authors * concluded that 
angioma is a true tumor since it often becomes 
a space-consuming lesion. Schwartz** agreed 
since he regarded it as an autonomous new 
growth of tissue, thereby fulfilling Ewing’s 
definition of a tumor. Virchow,'* Ribbert,’" 
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Simmonds '* and Heine ** also expressed the 
opinion that angioma is a real neoplasm. 

In general, most writers view the tumors called 
angioblastoma as true neoplasms exhibiting 
cellular proliferation. Turner and Kernohan,"* 
however, have stated that angioblastoma might 
arise from hamartoma or a congenital anomaly. 
Bergstrand and his co-workers* cited an ex- 
ample of angioblastoma in a stillborn infant as 
evidence favoring the belief that the lesion is 
congenital. They further pointed out the fre- 
quent concomitant ocurrence of obvious con- 
genital anomalies in other organs. 

From this discussion it becomes apparent that 
at present it is impossible to state definitely 
‘whether angioma or even angioblastoma is a 
simple or a cancerous growth ; they present char- 
acteristics of both malformations and neoplasms. 
The term “hamartoma” is not satisfactory, for it 
has been used to designate a miscellaneous group 
of lesions and adds nothing to present knowledge 
of vascular tumors. 


CLASSIFICATION OF THE VASCULAR TUMORS 
AND MALFORMATIONS 


A review of the classifications in the literature 
clearly portrays the lack of agreement regarding 
the basic structure of the individual lesions and 
also points out the frequency of conflicting 
nomenciatures. In general, these classifications 
have lacked uniformity and thus have served 
merely to add further confusion to an already 
extensive literature. 

The classification offered by Cushing and 
Bailey has been widely quoted and is generally 
followed rather closely, especially in this country. 
It is as follows: 


I. Vascular malformations. 
1. Telangiectasis (a group of capillaries). 


2. Angioma venosum (lesions composed princi- 
pally of veins). 

3. Angioma arteriale (lesions containing vessels 
resembling arteries as well as veins). 

II. Hemangioblastoma (angioblastoma). 

1. Cystic type (associated with cyst formation). 
2. Solid type (not associated with cyst formation). 
Each of these two types was again classified into 
capillary, cellular and cavernous varieties according to 
the microscopic features. 


The presence of brain tissue between the com- 
ponent vessels of angioma was of paramount 
importance in leading these investigators to con- 
clude that it was an anomaly or a malformation 


17. Ribbert, H.: Virchows Arch. f. path. Anat. 151: 
381, 1898. 

18. Simmonds, 
180:280, 1903. 
19. Heine, L.: 


M.: Virchows Arch. f. path. Anat. 


Ztschr. f. Augenh. 51:1, 1923. 
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rather than a neoplasm. Since material for tl 
histologic study was not available in most of 
their cases, the structure of the vessels comprising 
the angioma was ascertained merely from the c 
resultant clinical manifestations or by a super- 
ficial examination of the lesion at operation. 
They made no distinction between the angioma 
which was confined to the meninges and the «* ff *- 
angioma which extended deeply into the cerebral 
parenchyma, probably because of the paucity of 
autopsy studies. The lesion comprised of onlya «ff + + 
few anomalous vessels was not separated from 

















, ; 3 + i 

the one composed of an extensive congeries of t 

vessels, replacing much of the brain parenchyma. ,4#\. . 

Moreover, the authors inferred that the well f 

known cavernous type of angioma, which con- Ps 

sists of closely packed dilated vascular sinuses, ‘ : 
a 


was a variety of angioblastoma, and consequently 
they provided no place for this type of lesion in 
their classification. 

Turner and Kernohan * in studying a large 
series of vascular neoplasms of the spinal cord 
suggested the following classification : 





I. Vascular malformations. 
1. Telangiectasis. 
2. Angioma or hamartoma. 
(a) Angioma venosum. 
(b) Angioma arteriovenosum or angioma ar- 
teriale. 
II. Vascular neoplasms. 
1. Capillary. 
(a) Capillary hemangioma. 
(b) Hemangioendothelioma. 
(c) Capillary hemangioblastoma. 


\ 


. Cavernous. 

(a) Cavernous hemangioma. 

(b) Cavernous hemangioblastoma. 
3. Hemangiosarcoma. 


Except for the use of the term “hamartoma,” 
the first part of this classification is similar to 
that of Cushing and Bailey. They attempted to 
divide the tumors termed angioblastoma into 
groups manifesting various degrees of histologic 
malignancy. The capillary hemangioma consisted 
mainly of capillaries. The hemangioendotheli- 
oma was comprised not only of capillaries but 
of a few proliferating endothelial cells in the inter- 
vascular areas. In capillary hemangioblastoma 
the intervascular regions contained many more 
proliferating cells. The cavernous hemangioma 
and hemangioblastoma showed similar structures 
except that they contained numerous cavernous 
spaces. The hemangiosarcoma was a vascular 
tumor showing evidence of rapid growth. The 
terminologic scheme of the second group differs 
from that generally accepted, for all these lesions, 
as a rule, are regarded merely as angioblastoma. 
The true cavernous angioma was omitted as in 
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the classification of Cushing and Bailey. Finally, 
no distinction was made between the purely 
meningeal lesion and that involving the paren- 
chyma. 

Rienhoff’s 7° classification has not been widely 
used. 


1. Arterial aneurysm (tumor consisting of arteries). 
2. Venous aneurysm (tumor comprised of veins). 
3 


Arteriovenous aneurysm (tumor containing both 


arteries and veins). 


The use of the term “aneurysm” is not sat- 
isfactory, for it confuses the tumors ordinarily 
termed angioma with simple aneurysms of the 


- cerebral arteries as well as with the traumatic 


fistula between the internal carotid artery and 
the cavernous sinus. The latter is often termed 
an arteriovenous aneurysm. 

Dandy published the following classification, 
which is frequently referred to in the literature. 

I. Arteriovenous aneurysm. 

Il. Venous abnormality. 


1. Venous abnormality in the brain 


anomaly. 


or venous 


2. Venous abnormality in the dura. 


3. Angioma. 
(a) Cyst with angioma in the wall (actually 
angioblastoma ). 
(b) Cavernous angioma. 
(c) Plexiform angioma (venous angioma). 


This classification is not based on the actual 
pathologic structure of the lesions. Among the 
venous abnormalities of the brain and the dura 
were included lesions comprised of anomalous 
veins showing little increase in their size and 
number. Under angioma were listed venous 
tumors (plexiform angioma ), but for some reason 
the arteriovenous tumors were called arterio- 
venous aneurysms. Dandy incorrectly regarded 
the cystic form of angioblastoma as angioma and 
left no place in his classification for the solid 


“or only partly cystic angioblastoma. 


Bergstrand, Olivecrona and Tonnis* worked 
out a classification which has appeared in many 
publications and is often followed in foreign 
literature. 


1. Angioma cavernosum. 


2. Angioma 
vessels). 
(a) Telangiectasis. 


racemosum (a grapelike cluster of 


(b) Sturge-Weber syndrome (a condition con- 
sisting of an angioma of the surface of the 
brain with calcification of the underlying 
cortex and an ipsilateral facial nevus). 


(c 


Angioma racemosum arteriale (a grapelike 
cluster of vessels exclusively arterial). 

20. Rienhoff, W. F., Jr.: 
35:271, 1924. 
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(d) Angioma racemosum venosum (a congeries 
of vessels resembling veins). 

(c) Arteriovenous aneurysm (a mass of in- 
extricable vessels resembling arteries and 
veins). 

3. Angioreticuloma (angioblastoma). 
4. Angioglioma (a combination of glial and vas- 
cular elements). 


This is the most comprehensive classification 
found in the literature. It is questionable, how- 
ever, if telangiectasis should be regarded as 
racemose angioma. In addition, it seems unwise 
to place Sturge-Weber disease in this same group, 
for the calcification and degeneration of the 
involved cortex are the most significant lesions 
both clinically and pathologically. These authors 
questioned the existence of the arterial racemose 
angioma. As in other classifications, no dis- 
tinction was made between the lesions limited 
to the meninges and those involving the brain 
parenchyma. The term “arteriovenous aneu- 
rysm” was also employed here for arteriovenous 
angioma. The name “angioreticuloma” was cer- 
tainly no improvement over the more widely 
accepted “angioblastoma.” 

Russel *! offered the following classification : 

1. Cirsoid aneurysm (lesions generally termed race- 
mose angioma). 
Capillary hemangioma (angioblastoma). 
Capillary telangiectasis (telangiectasis). 
Cavernous hemangioma. 


awh 


This classification is more general than those 
already listed. The nomenclature, however, is 
confusing. The term “capillary hemangioma” 
is certainly more suggestive of telangiectasis, for 
example, than of angioblastoma. 

The classification used by Virchow is often 
mentioned in the literature. 

1. Cavernous angioma. 

2. Angioma simplex (telangiectasis). 
3. Telangiectatic tumor formation (false angioma). 


4. Angioma racemosum. 


There is a definite resemblance to the better 
known classification presented by Bergstrand, 
Olivecrona and Tonnis. Angioblastoma would 
probably be classified as false angioma. 


The following classification of vascular lesions 
was published by Bort.* 


1. Aneurysm (a simple aneurysm of an artery—not 
an angioma). 


2. Serpentine aneurysm (angioma racemosum arteri- 


ale or an extensive simple aneurysm). 


21. Russel, D.: Proc. Roy. Soc. Med. 24:383, 1931. 

22. Bort: Beitrag zur Kenntnis des Angioma race- 
mosum des @ehirns, Inaug. Dissert., Leipzig, Arb. a. d. 
Geb. d. path. Anat. Inst. zu Tiibingen, 1920. 































































Serpentine angioma (venous or arteriovenous angi- 
oma). 


Arterial racemose angioma (a congeries of arteries 
and probably veins). 


Venous racemose angioma (a plexus of veins). 
Racemose varix (probably similar to the foregoing 
type, being composed of a congeries of varices but 
no doubt also includes cavernoma). 


Varix (a simple dilatation of a vein or a venous 
anomaly). 


This classification is extremely difficult to fol- 
low, as Bort’s description of the various types 
of lesions is not clear. The use of the terms 
“serpentine aneurysm” and “serpentine angioma” 
is confusing. Although the racemose varix is 
probably comprised largely of cavernous angioma, 
the term is readily confused with “venous race- 
mose angioma.” This is the only classification 
that clearly recognizes the most simple venous 
anomaly or varix. Bort completely neglected 
to mention telangiectasis and angioblastoma. 
Benda ** classified the venous tumors as fol- 
lows: 


1. Phlebectasia (a diffuse widening of a vein). 
2. Varicosity (a diffuse irregular dilatation with cir- 
cumscribed ampullar or saclike formations). 


Venous angioma (a circumscribed conglomeration 
of veins). 


This classification deals only with lesions com- 
prised of veins. Phlebectasia and varicosity are 
the more simple venous anomalies which differ 
only in the distribution of the vascular dilatations 
and are similar to the varix in Bort’s classifica- 
tion. 

Vascular Tumors of the Meninges——These 
lesions are of two general types: one is angioma- 
tous meningioma, which is a meningeal tumor 
composed of adult vascular elements, including 
arteries, veins, capillaries or cavernous spaces ; 
the second is angioblastic meningioma, which has 
a structure similar to angioblastoma as found 
within the cerebellum. Because of the structural 
similarity of these angioblastic lesions of the 
meninges to the parenchymal lesions, they were 
classified with the vascular tumors by Bailey 
and Ford.** Cushing and Eisenhardt,”° on the 
other hand, regarded them as meningioma, basing 
their opinion on the gross and clinical features 
rather than on the microscopic characteristics. 
Globus * classified the angiomatous lesions of 
the meninges with meningioma, while Cushing 


23. Benda, C., in Henke, F., and Lubarsch, O.: Hand- 
buch der speziellen pathologischen Anatomie, Berlin, 
Julius Springer, 1924, vol. 2. 

24. Bailey, O. T., and Ford, R.: 
1, 1942. 

25. Cushing, H., and Eisenhardt, L.: Reningiomas, 
Springfield, I11., Charles C Thomas, Publisher, 1938. 


Am. J. Path. 18: 
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and Bailey,t as well as others, included them 
with cerebral angioma probably because their 
material was operative and no separation was 
possible in the absence of postmortem studies. 

Because of these conflicting opinions regarding 
the nature of the vascular meningeal lesions, a 
brief discussion, of their classification is indicated. 
Cushing and Eisenhardt *° listed the angioblastic 
meningeal tumors under their meningioma type 
IV, which was divided into three variants as 
follows : 

Variant 1. Incompletely differentiated, with mitoses. 
(It is a cellular tumor showing histologic 
evidence of rapid growth.) 

Transitional between the meningothelial 
type and angioblastoma. (It shows trans- 


itions toward the meningothelial menin- 
gioma. ) 


Variant 2. 


Variant 3. Angioblastoma (capillary or cellular). (It 


has the typical structure of angioblas- 
toma.) 
All the lesions revealed a predominating angio- 
blastic structure as well as a typical network 
of reticulum. No mention made of the 
angiomatous meningioma. 
Courville and Abbott ** offered the following 
classification : 


was 


1. Meningeal angioblastoma. 

2. Transitional angioblastoma. 

3. Angioblastic meningioma. 

4. Combined meningotheliomatous-angioblastic menin- 
gioma. 


This classification is difficult to follow because 
of its redundancy. Certainly the’ combined 
meningotheliomatous-angioblastic type is actually 
the transitional angioblastoma. Such a separa- 
tion results only in confusion. Moreover, this 
classification is similar to that of Cushing and 
Eisenhardt *° and therefore serves only to com- 
plicate the literature. 


Globus * classified the vascular meningeal 
tumors with meningioma and subdivided them 
into the angioblastic and the angiomatous type. 
His classification is as follows: 
Meningioma piale (pial or vascular meningioma). 
1. Hemangioendotheliomatous subtype (angioblastic 
meningioma also includes angioblastoma situated 
within the neural parenchyma). 


2. Hemangiomatous subtype (angiomatous meningi- 


oma). 


This is the most comprehensive classification of 
the vascular meningeal tumors, for it also in- 
cludes those comprised of adult vessels. This 
classification of the intracerebral or intracere- 
bellar angioblastic tumors with meningioma is 


26. Courville, C. B., and Abbott, K. H.: 
Angeles Neurol. Soc. 5:47, 1940. 
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not in keeping with the present day concept of 
cerebral tumors. 


PATHOLOGIC STUDY 
VASCULAR 


OF THE INDIVIDUAL 
LESIONS 


From a survey of the literature it becomes 
obvious that there are a number of vascular 
lesions occurring within the intracranial cavity 
whose structural characteristics suggest that they 
might be distinct entities. The available litera- 
ture concerning these lesions is most conflicting 
and offers little help in suggesting some orderly 
manner of thinking about them. Thus, in order 
to arrive at a satisfactory classification, one 
should be and consider not 
only the pathologic structure of these lesions, 
which shows overlapping of many types, but 
also the clinical Although the latter 
are obviously important, space will permit no 
more than a brief reference to the clinical char- 
acteristics of each Consequently, this 
paper will be restricted principally to pathologic 
aspects. It seemed possible that such a broad 
consideration when applied to the extensive avail- 
able literature and augmented by a review of 
the cases observed in the departments of neuro- 
psychiatry and pathology of the University of 
Minnesota Medical School might result in some 
success in suggesting a practical method of un- 
derstanding these vascular lesions from a clinico- 
pathologic point of view. 


comprehensive 
features. 


lesion. 


In order to begin 
with a most unbiased approach, each type of 
intracranial vascular tumor will be considered 
separately and individually and then an attempt 
will be made to find some orderly classification 
based on the observations. The following lesions 
are the ones considered in this review: 

1. Telangiectasis (dilated capillaries). 

2. Rendu-Osler (familial 

generalized angiomatosis). 


disease telangiectasia or 


. 
&*) 


Cerebral varix 
to varicosities). 


(simple anomalous veins similar 


4. Sinus pericranii (vascular tumor of the forehead 
or the scalp communicating 


with the superior 
sagittal sinus). 


vw 


Cavernoma or cavernous angioma (closely packed 
large vascular spaces). 


6. Venous (racemose) angioma (cluster of vessels 


resembling veins). 


7. Arterial (racemose) angioma (a congeries of ar- 
teries). 
8. Arteriovenous (racemose) angioma (a congeries 


of arteries and veins). 


9. Angiomatous meningioma 
tumor of the meninges). 


(adult blood vessel 

10. Sturge-Weber disease (characterized by a facial 
nevus associated with cerebral calcification and 
angiomatosis of the overlying meninges). 
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11. Angioblastoma (primarily a cerebellar tumor com- 
posed of embryonic vascular elements). 

12. Lindau’s (von Hippel’s) disease (angioblastoma 
of the retina and the nervous system). 

13. Angioblastic meningioma 
tumor of meninges). 


14. Angiosarcoma (angioblastic tumor showing rapid 
growth). 


15. Angioglioma (a combination of adult vascular and 
glial elements). 


(embryonic vascular 


The material in the departments of neuro- 
psychiatry and pathology of the University of 
Minnesota Medical School consists of 39 cases 
of vascular tumors. A pathologic investigation 
of the lesions was made in all but 2 cases. In 
these 2 instances, a case of sinus pericranii and 
a case of Sturge-Weber disease, the diagnosis 
was obvious without pathologic studies. The 
following staining technics were employed in de- 
termining the anatomic structure of the tumors: 
hematoxylin and phloxine stain, Mallory-Heiden- 
hain azocarmine stain, Holzer stain for glia, 
Nissl stain, Perdrau stain for reticulum, Bodian 
silver stain for axons, Weigert-Van Gieson and 
Weigert elastic tissue stains. 


TELANGIECTASIS 


Introduction.—The term “telangiectasis” desig- 
nates a small lesion composed of a collection of 
dilated capillaries. A number of cases of telangi- 
ectasis have been reported in the literature, and, 
surprisingly enough, little conflict of terminology 
is found, most authors using the term “telangi- 
ectasis.” However, vascular tumors which are 
distinctly different structurally from this lesion 
have been described as telangiectasis by Michael 
and Levin,?* Oppenheim,** Broeckaert ** and 
others. A number with a suggestion of a transi- 
tional tendency toward cavernous. angioma ap- 
peared under the title of cavernoma or cavernous 
angioma, and a few probably were true transi- 
tional forms (Schmidt *°; Beitzke **; Baum *; 
Schweyer ** ; Uyematsu ** ; Schley ** ; Mala- 
mud **), 


27. Michael, J. C., and Levin, P. M.: Arch. Neurol. 
& Psychiat. 36:514, 1936. 

28. Oppenheim, H.: Neurol. Centralbl. 32:3, 1913. 

29. Broeckaert, J.: Bull. Acad. roy. de méd. de 
3elgique 22:360, 1908. 

30. Schmidt, O.: Beitr. z. klin. Chir. 118:178, 1920. 

31. Beitzke, H.: Charité-Ann. 31:360, 1906. 

32. Baum: Miinchen. med. Wchnschr. 58:411, 1911. 

33. Schweyer, H.: Arb. a. d. Geb. d. path. Anat. u. 
Bakt. 8:145, 1914. 

34. Uyematsu, S.: 
1920. 


35. Schley, W.: Virchows Arch. f. path. Anat. 268: 
665, 1927. 


36. Malamud, W.: Ztschr. f. d. ges. Neurol. u. Psy- 
chiat. 97:651, 1925. 


J. Nerv. & Ment. Dis. 52:388, 
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The lesion is almost always silent clinically, 
but on rare occasions symptoms may be pro- 
duced as a result of a rupture of one of the small 
vessels (Michael and Levin*’). A few pub- 
lished cases suggest hereditary factors ; however, 
the evidence for this is weak (Kufs **; Oppen- 
heim **; Michael and Levin **). 

Gross Pathology.—Telangiectasis is a rather 
small, poorly circumscribed lesion which may 
be found in almost any part of the nervous 
system. It is common in the cerebrum, where 
it may be situated within the cortex, the white 
matter or the basal nuclei. It usually occurs 
deep within the cerebral parenchyma and rarely 
reaches the brain surface. An exception was 
reported by Jaffé,** in which multiple telangiec- 
tasis was encountered in the meninges and the 
spinal nerve rootlets. Telangiectasis is also found 
within the brain stem, where it shows a predilec- 
tion for the pons, according to Ohlmacher,*® 


TapLe 1—Cases of Intracranial Telangiectasis Studied 











in the Departments of Neuropsychiatry and 
Pathology of the University of Minnesota 
Medical School 
Age, Symp- Gross 
Case Sex Yr. toms Appearance Location 
1 M 51 Silent Resembled petechiae Frontal! lobe 
2 M 60 Silent Hemorrhagic lesion Globus pallidus 
3 M 57 Silent Focus oftiny hemor- Temporal! lobe 
rhages 
4 M 57 Silent Conglomeration of Basal ganglions 
smallengorged vessels and midbrain 
Schley,** Sommerfelt,*° Leyser ** and_ others. 


In a few cases it has been reported located 
within the spinal cord (Claude and Loyez *; 
Hadlick.**). It usually occurs as a single iso- 
lated lesion, but multiple involvement is not 
unusual. In the latter case the lesions may be 
restricted to one relatively localized region of 
the brain or may be widely disseminated. As 
many as 30 lesions have been discovered in a 
single patient ( Huebschmann **). 

The lesion is sometimes rather inconspicuous 
and might be readily overlooked. Its appearance 
in the cases tabulated here most commonly sug- 





37. Kufs, H.: Ztschr. f. d. ges. Neurol. u. Psychiat. 
113:651, 1928. 

38. Jaffé, R. H.: Arch. Path. 7:44, 1929. 

39. Ohlmacher, A. P.: J. Nerv. & Ment. 
395, 1899. 

40. Cited by Bergstrand, Olivecrona and T6nnis.* 

41. Leyser, E.: Monatschr. f. Psychiat. u. Neurol. 
51:83, 1922. 

42. Claude, H., and Loyez, M.: 
1911. 

43. Hadlick, R.: Virchows Arch. f. path. Anat. 172: 
429, 1903. 

44. Huebschmann : 
205, 1921. 


Dis. 26: 


Rev. neurol. 19:181, 


Deutsche Ztschr. f. Nervenh. 72: 
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Occa- 


sionally one can grossly identify the tiny vascular 


gested a focal collection of petechiae. 


spaces filled with blood (case 4). Even though 
the lesion strongly resembles petechiae, rupture 
of the vessels with extravasation of blood is 
extremely rare, and only 1 case of this kind has 
been found recorded in the literature (Michael 
and Levin **). 

Microscopic Anatomy.—The lesion consists of 
a collection of numerous engorged capillaries or 
cavernous spaces which are always separated by 
various amounts of relatively normal brain tissue. 
The capillaries may be small, but larger cavern- 
ous spaces may be prominent. Regardless of 
the size of the vessel, its wall consists of a 
single layer of flat endothelium, which occasion- 
ally is surrounded by a thin rim of collagenous 
tissue. Smooth muscle and elastic elements are 
never present. The vessels, as a rule, are not 
sO numerous that they replace any significant 
amount of brain tissue or produce any notable 
alterations in the regional neural parenchyma. 

RENDU-OSLER DISEASE 

Introduction.—Rendu-Osler disease is a rare 
familial condition in which telangiectatic lesions 
are disseminated over the skin and may involve 
various internal organs. The nervous system 
generally is not implicated, but a few cases of 
neural involvement have been reported. There- 
fore, it becomes necessary to review this syn- 
drome briefly. 


A number of terms have been used for this 
disease. It has most often been referred to as 
familial telangiectasia or generalized angioma- 
tosis. Although it was first described by Sut- 
ton *® in 1864, it was named after Rendu * 
and Osler,*? who published their cases at a later 
date. 

Pathologic Features——The individual lesions 
are quite typical of telangiectasis regardless of 
their location. The lesions of the skin are com- 
monly present at birth and increase with age. 
They are red to purple and vary considerably 
in size but seldom do they exceed a few milli- 
meters in diameter. Telangiectasis commonly 
involves the mucous membranes of the respira- 
tory and gastrointestinal tracts and the urogenital 
system. Hemorrhage from the lesions is com- 
mon, and the clinical symptoms are the result of 
this bleeding. 


45. Sutton, H. G.: M. Mirror, London 1:769, 1864. 


46. Rendu: Bull. et mém. Soc. méd. d. hop. de Paris 
13:731, 1896. 

47. Osler, W.: Bull. Johns Hopkins Hosp. 12:333, 
1901. 
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Lesions of the central nervous system are silent 
clinically unless they produce intracerebral or 
subarachnoid bleeding. Cases of the disease with 
verified cerebral involvement have been recorded 
by Archer ** and Goldstein.*® Generally there 
are many persons in the family for several gener- 
ations afflicted with this condition, 


CEREBRAL VARIX 


Introduction.—This lesion consists of abnor- 
mal, dilated, thin-walled vessels situated either 
within the brain substance or on its surface. 
Schaltenbrand °° reviewed the literature and was 
able to find reports of only 13 cases in addition 
to his own. The vascular abnormalities are most 
frequently referred to as varices or varicosities, 
Dandy* in reporting cases of varices of the 








Taste 2.—Cascs of Cerebral Varices Studied in the 
Departments of Neuropsychiatry and Pathology 
of the University of Minnesota 
Age, Symptoms and Gross 
Case Sex Yr. Findings Appearance Location 
I 53 Silent Not visible Subcortical 
white 
matter of 
cerebrum 
¢ F 47 Headache, con- Subarachnoid Surface of 
confusion, pare- bleeding, alarge right oc- 
sis of left up- collection of cipital lobe 
per limb, stupor varices with vas- 
cular channels 
connecting with 
the straight sinus 
7 F 7 Vomiting, Ventricular and Cerebellum 
diplopia, visual subarachnoid and region 
hallucinations, hemorrhage; of pineal 
papillitis, par- varices Over- gland 


tial deafness, looked on gross 





disorientation, examination 
stupor 
superior sagittal sinus incorrectly called the 


varices dural aneurysms, while Cushing and 
3ailey' classified their 2 cases with cases of 
venous angioma. Benda** advanced the title 
phlebectasia.”’ 

The lesions may be clinically silent and hence 
be discovered accidentally at autopsy 
(case 5). In however, clinical 
symptoms do occur but are usually the result 


se 


may 
many cases, 
of intracranial hemorrhage or, less commonly, 
of vascular thrombosis eventuating from the 
varix. 

Gross Pathology.—V arices are often not visible 
on gross examination or may frequently be over- 
looked because of their small size (cases 5 and 7). 





48. Archer, cited by Goldstein, H. S.: 
Med. 27:102, 1921. 
49. Goldstein, H. S.: Internat. Clin. 3:148, 1930. 


W.: Ztschr. f. Path. 


Arch. Int. 


50. Schaltenbrand, Frankfurt. 


§2:363, 1938. 


In a number of cases, however, they are suf- 
ficiently large to be seen readily (case 6) and 
may even measure several centimeters in diam- 
eter (Beger"'). In all the cases tabulated in 
this section multiple anomalous vessels com- 
prised the lesions. The number of vessels in 
a lesion is, as a rule, not large ; occasionally one 
encounters a varix consisting of a single large 
vessel (Guldenarm and Winkler; Pfannen- 
stiehl **; Beger ™; Wohak**; Marx ™*). There 
is no site of predilection. In fact, the varix may 
occur in any location within the brain or on 
its surface, frequently involving even the dural 
sinuses (Wohak *; Marx ®; Dandy’). In the 
latter case there is a large vascular dilatation 
which may cause partial erosion of the overlying 
skull and occasionally softening of the adjacent 
cerebral tissue. The dural sinuses may be in- 
volved directly by the varix or may be connected 
with it by means of anomalous vascular channels 
(case 6). 

The most common complication of the intra- 
cerebral varix is an intracranial hemorrhage 
(cases 6 and 7). Depending on the location 
of the abnormal vessel which ruptures to pro- 
duce the bleeding, blood may extravasate into 
the brain tissue, the subarachnoid space or the 
ventricular system. 


Microscopic Anatomy.—The cerebral varix 
shows a rather characteristic histologic picture. 
It consists of a relatively large thin-walled vessel, 
usually lined by a single layer of endothelium 
and encircled by a relatively thin lamina of 
fibrous connective tissue (fig. 1). The latter 
often undergoes hyaline degeneration. Muscle 
fibers and elastic elements are generally absent 
(Schaltenbrand *°; Esser **). These vessels fre- 
quently resemble the large vascular spaces of 
cavernous angioma, but in contrast to the latter 
the varicose vessels are separated from one 
another by cerebral parenchyma. This regional 
cerebral tissue may be intact or may show rather 
prominent degenerative and reactive alterations. 


When muscle or elastic tissue is found in the 
wall of the varix, these elements are less prom- 
inent than in normal veins. A lesion showing 
this kind of vascular structure presents a vague 


51. Beger, H.: 
439, 1921. 

52. Guldenarm, J. A., and Winkler, C.: 
tijdschr. v. geneesk. 27:217, 1891. 

53. Pfannenstiehl: Centralbl. f. Gynak. 11:601, 1887. 

54. Wohak, H.: Virchows Arch. f. path. Anat. 242: 
58, 1923. ; 

55. Marx, A. M.: Med. Klin. 21:1612, 1925. 


56. Esser, A.: Verhandl. d. deutsch. path. Gesellsch. 
20:411, 1925. 


Virchows Arch. f. path. Anat. 231: 
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resemblance to racemose angioma. However, in structure than the numerous irregular, most 
the varices, vessels of relatively typical arterial variable elements of racemose angioma. 

or venous structure are never seen, and the The usual complication in this lesion is a 
vessels are less numerous and more uniform in rupture of the varix wall with a resulting cerebral 





Fig. 1—Small intracerebral varices. Note the large dilated vascular spaces separated by intact cerebral tissue. 
The vessel walls are thin, consisting of a flat endothelial lining and a thin layer of fibrous connective tissue. 
Weigert-Van Gieson stain. 

Fig. 2—The characteristic appearance of venous angioma is observed in the cone-shaped mass of angiomatous 
vessels extending deep into the cerebral hemisphere. Note the large tortuous vessels over the surface of the 
lesion, which course along the meninges of the neighboring regions of the brain for some distance. 

Fig. 3.—Cerebellar angioblastoma demonstrating numerous small vascular spaces separated by proliferating 
endothelial cells. Hematoxylin and eosin stain. 
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hemorrhage. Thrombosis with hemorrhagic in- 
farction was encountered in Amsler’s * third 
case and my case 6. 

The etiologic nature of the intracranial varices 
has occasioned much speculation. Most authors 
(Anders,®* Kallenberger,*® Kaufman,®® Orth * 
and others) have thought that they resulted 
from a congenital weakness of the vessel walls, 
but others have postulated that they eventuated 
from an earlier venous inflammation (Beger *'), 
from prolonged trauma over bony ridges 
(Amsler °*; Fisher ®*) or from mechanical fac- 
tors eventuating from abnormal presentation 
of the head during birth. 

SINUS PERICRANII 

Introduction.—Sinus pericranii is a vascular 
tumor which, as a rule, protrudes from the fore- 
head and communicates with the superior sagit- 
tal sinus. Although this lesion is largely out- 
side the skull, it should be considered with the 
intracranial vascular lesions because of its con- 
nection with the superior sagittal sinus and its 
occasional production of cerebral symptoms. For 
some reason, most authors when discussing the 
vascular neoplasms of the brain fail to mention 
this condition. 

The lesion was first described in 1760 by 
Percival Pott® and later was termed sinus 
pericranii by Stromeyer.** Hahn ® in 1928 re- 
viewed the literature, discovering 84 recorded 
examples. 

Clinically, sinus pericranii in many cases pro- 
duces no symptoms other than the tumor of the 
forehead. The tumor appears early in life and 
may enlarge slowly over a period of many years. 
It is soft and compressible. Anything that in- 
creases the intrathoracic or the venous pressure, 
such as coughing or straining and lowering the 
head, causes the tumor to enlarge. In rare cases, 
variable cerebral symptoms, including increased 
intracranial pressure and a cerebral bruit, have 
been described. 


Gross Pathology.—The tabulated case was not 
studied pathologically, and unfortunately few 
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58. Anders: 
64:540, 1918. 

59. Kallenberger, W.: Virchows Arch. f. path. Anat. 
180: 130, 1905. 

60. Kaufman: Zentralbl. f. Gynak. 37:209, 1897. 

61. Orth, J.: Lehrbuch der speciellen pathologischen 
Anatomie, Berlin, A. Hirschwald, 1887. 

62. Fisher, B.: Beitr. z. path. Anat. u. z. allg. Path 
27:484, 1900. 

63. Pott, P., cited by Hahn.*> 

64. Stromeyer: Deutsche Klin. 11:160, 1850. 
65. Hahn, E.: Arch. Surg. 16:31, 1928. 
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careful pathologic studies have been published. 
In a majority of cases the tumor was situated 
in the midportion of the forehead as in the case 
tabulated, but almost any point along the 
superior sagittal sinus as far back as the occipital 
region has been involved in occasional instances 
(Wakely). A defect occurs in the underlying 
cranial bones allowing the lesion to communicate 
with the adjacent dural sinus. The appearance 
of the actual lesion is that of a congeries of small 
and large vascular spaces, often resembling 
cavernous angioma. In fact, it is likely that a 
number were similar to cavernous angioma 
(Mueller *). 

Microscopic Anatomy.—Generally there are 
numerous thin-walled vascular spaces, which 
are of irregular contour and are embedded in 
fibrous connective tissue. The spaces are con- 
nected with one another by a multiplicity of 
small anastomotic vascular channels having the 
structure of capillaries. In Wakely’s case the 
intervascular areas were highly cellular, creating 
an appearance which the author felt was con- 


Taste 3.—A Case of Sinus Pericranii* 








Case Sex Age Symptoms and Findings 


8 F Enlarging tumor of midline of forehead con- 
taining venous blood. It was obliterated 
by injections of a sclerosing solution 


4 yr. 





* A report of this case was published previously (Peyton, 
W.: Minnesota Med, 21 3 590, 1938). 


sistent with angioblastoma. Although further 
pathologic studies must be made before definite 
conclusions can be drawn regarding the anatomic 
structure of the tumor, it appears as if it may 
consist of capillaries, cavernous spaces, arteries 
or veins and possibly even proliferating angio- 
blasts. Furthermore, the clinical symptoms in 
certain cases suggest that there is an associated 
intracranial vascular lesion in addition to the 
communication with the sagittal sinus. 
CAVERNOUS ANGIOMA 
Introduction.—Cavernous angioma is a vas- 
cular lesion comprised of closely packed dilated 
vascular spaces which are not separated by brain 
tissue. It is often referred to as cavernoma. 
Dandy * in reviewing the literature discovered 
44 cases of what he considered to be cavernoma. 
Other authors, however, have felt that Dandy * 
included a number of vascular tumors which 
were not cavernous angioma but were actually 
other forms, such as racemose angioma and 
telangiectasis (Bergstrand and _ co-workers,°® 
among others). Many authors have recorded 


66. Mueller, A.: Klin. Wehnschr. 49:1372, 1912. 
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cases which have been generally acceptable—for 
example, Lorenz, Hadlick,** Baum,** Stief,** 
Dandy,’ Schmidt,*° Rossolimo °* and Bergstrand 
and his collaborators,* as well as others. 

The literature on cavernous angioma contains 
a confusing number of terms, primarily because 
many of the authors have not understood the 
basic structure of tumors of this type. Yates and 
Paine *° regarded what appeared to be a cavern- 
ous lesion as an arteriovenous angioma because 
they were able to inject it after death through its 
arterial supply. Cushing and Bailey‘ confused 
cavernoma with angioblastoma, regarding some 
examples of the latter as representing a cavern- 
ous type of angioblastoma. In none of their 
cases, however, was a true cavernous tumor 
described. Lesions of this type have also been 
placed under the heading of telangiectasis 
(Michael and Levin **). 


Taste 4.—Cases of Cavernous Angioma Studied in the 
Departments of Neuropsychiatry and Pathol- 
ogy of the University of Minnesota 








Age, Symptoms and Gross 
Case Sex Yr. Findings Appearance Location 
9 F 36 ©6Jacksonian epi- Intracerebral One large and 


lepsy, hemi- 3 small tumors 
plegia, cranial 
bruit, intellec- 


tual deteriora- 


spongy tumors 
comprised of within cere- 
closely packed brum; 1 within 
dilated and thin- cerebellum 


tion walled vessels 
Jacksonian epi- Wedge-shaped Leit fronto- 
lepsy, hemi- tumor made parietal] region 


paresis, apha- 
sia, increased 


up of large 
dilated blood 


intracranial vessels within 
pressure brain 
Increased intra- Spongy vas- Third ventricle 


cranial pres- 
sure, somno- 
lence, obesity, 
polyuria, fail- 
ing memory 


cular tumor 
within ventric- 
ular system 
producing in- 
ternal! hydro- 
cephalus 


and hypothala- 
mus 





Cavernous angioma produces no characteristic 
symptoms ; in many instances it is entirely silent, 
while in others it is manifest in a variable picture 
of recurrent convulsive or focal phenomena. A 
cranial bruit is a rare finding, but intracranial 
hypertension is not uncommon. 


Gross Pathology.—In the literature, cavernous 
angioma is generally described as being situated 
deep within the brain substance, but in all the 
cases tabulated here it reached the brain surface, 
and in 2 cases the overlying surface was covered 
with enlarged tortuous vessels. In the already 
published cases the tumor was located in order of 


67. Lorenz, F. O.: Cavernéses Angiom des Riicken- 
markes, Inaug. Dissert., Jena, B. Engau, 1901. 

68. Stief, A.: Ztschr. f. d. ges. Neurol. u. Psychiat. 
93:181, 1924. 

69. Rossolimo, G.: Neurol. Centralbl. 15:714, 1896. 
70. Yates, A., and Paine, C. G.: Brain 53:38, 1930. 
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frequency within the frontoparietal region, the 
pons, the vicinity of the third ventricle and the 
occipital lobes. In the cases tabulated here the 
tumor was found in the cerebral hemispheres, 
the third ventricle and the cerebellum, respec- 
tively. Cavernous angioma is usually single 
(cases 10 and 11), but occasionally it may be 
multiple and widely disseminated (case 9). 
Other instances of multiple lesions were reported 
by Riddoch," Federoff and Bogorad** and 
Kufs.*? 

The tumor itself is reddish brown or bluish 
and consists of large thin-walled vascular spaces 
which are closely packed. It is, as a rule, com- 
pressible and spongelike, especially when the 
cavernous vessels are large. The individual 
vascular spaces vary considerably in size and may 
be so congested as to obscure the cavernous 
vessel walls, thereby presenting a superficial 
resemblance to an intracerebral hemorrhage. 
The lesion may be quite sharply circumscribed or 
may merge gradually with the neighboring 
parenchyma, the vessels in these regions being 
separated by nerve tissue, in contrast to the 
observation within the body of the cavernoma. 


The lesion replaces the involved area of the 
brain and often produces atrophy of the regional 
tissues. This atrophy may in turn create secon- 
dary dilatation of the adjacent ventricle. Occa- 
sionally cavernoma protrudes into a ventricle, 
where it obstructs the outflow of cerebrospinal 
fluid, thereby producing obstructive internal 
hydrocephalus (case 11). Although rare, there 
are authentic cases in which vessels in a caver- 
noma have ruptured with resultant cerebral 
hemorrhage (Bergstrand and his associates *). 

Microscopic Anatomy.—The histologic ap- 
pearance of cavernous angioma is constant. The 
tumor is composed entirely of dilated vascular 
spaces filled with blood. Since there is no 
cerebral parenchyma separating the vessels, their 
walls are in direct contact with one another. 
The thin walls are comprised solely of fibrous 
connective tissue, which is generally largely 
hyaline. The cavernous lumens are lined with a 
single layer of flattened endothelium which never 
shows any significant proliferative changes. 
Elastic and smooth muscle fibers are almost 
never observed (cases 9 and 11). Case 10, how- 
ever, was an exception, for even in the most 
classic cavernous regions an occasional vessel 
wall revealed a very thin and delicate elastic 
membrane adjacent to the intima, as well as 


a few smooth muscle fibers. Vascular calcifica- 


71. Riddoch, G.: Proc. Roy. Soc. Med. 24:382, 1931. 


72. Federoff, H., and Bogorad, F.: Ztschr. f. d. ges. 
Neurol. u. Psychiat. 94:497, 1924-1925. 











ry 
r o 
4 - 
> 
al a 
me a. 
*Be 
os - 
= * 
- 
= > 





~ * 
> 

¢ n 
as 











tis 


of 


ve 
he 








<= 


~~ 














NORAN—INTRACRANIAL VASCULAR TUMORS 


tion is common (cases 9 and 11), and thrombosis 
of the cavernous spaces occurs (case 10). 

Around the periphery of the lesion certain 
vessels which are separated by brain tissue may 
have arterial or venous structure. These prob- 
ably represent the afferent and efferent vessels 
of the tumor. The nearby brain tissue often 
undergoes regressive alterations and even actual 
softening with concomitant reactive gliosis (case 
11). 

VENOUS ANGIOMA 

Introduction.—Venous angioma is a tumor 
of the brain comprised of a congeries of vessels 
structurally resembling veins. Under this title 
only those venous tumors extending deep into 
the brain parenchyma are considered; those 
limited to the meninges covering the cerebral 
tissues are correctly discussed later as angioma- 
tous meningioma. Such a distinction was usually 
not made in the literature. 

Largely because of the conflicting viewpoints 
regarding the structure of venous angioma, a 
rather redundant and confusing nomenclature 
has appeared in the literature. A few examples 
of these titles are the following: “venous 
aneurysm,” a name which was obviously unsatis- 
factory (Vincent and Heuyer * ; Rienhoff *°) ; 
“venous anomaly” or “plexiform angioma” 
(Dandy*); and “venous hamartoma” (Turner 
and Kernohan™). Very often tumors of this 
type are referred to as cirsoid angioma or rank- 
enangioma. Completely inaccurate terms are 
frequently encountered, as in Christiansen’s ™ 
case, in which a tumor was entitled 
cavernous angioma. The term “venous angioma” 
is the most descriptive name; however, the title 
“venous racemose angioma” also should be 
accepted because of its wide use. 


venous 


Reports of cases have been surprisingly in- 
frequent and often incomplete. The apparent 
rarity of this venous lesion may be partly ex- 
plained by the atypical nature of the clinical 
picture, which rarely permits antemortem diag- 
nosis, and the prolonged clinical course, which 
makes it most difficult to follow the case to its 
termination, when could be per- 
formed. Examples of venous angioma have been 
reported by Cushing and Bailey,’ Bergstrand 
and his associates? Dirck,’* Therman,”® Orbi- 


an autopsy 
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son,’* Dowling ** and Wolf and Brock,” as 
well as many other authors. 


The most frequent clinical manifestations are 
recurring subarachnoid hemorrhage and repeated 
apoplectic attacks. Much of the confusion re- 
garding the symptoms results from the frequency 
with which cases of Sturge-Weber disease have 
been regarded as instances of venous angioma. 


Gross Pathology—The most classic variety 
of venous angioma is a wedge-shaped or cone- 
shaped lesion in which the base of the cone 
is in contact with the leptomeninges and the tip 
reaches the ventricle (fig. 2). An aggregation 
of intertwining vessels is usually observed on 
the surface overlying the involved area. When 


Taste 5.—Cases of Venous Angioma Studied in the 
Departments of Neuropsychiatry and Pathology 
of the University of Minnesota 








Case, 
Sex, Symptoms and Gross 
Age Findings Appearance Location 
12 Increased intra- Wedge-shaped vascular Rolandic 
M cranial pressure, tumor within brain as- region of 
37 yr. meningeal irrita- sociated with sub-arach- cerebrum 
tion, aphasia, noid and intracerebral 
hemiplegia bleeding and encephalo- 
malacia 
13 Recurring epi- Vascular tumor ob- Third 
M sodes of menin- structing ventricular ventricle 
34 yr. geal irritation system and extending 
and stupor over cerebral base 
14 Spina bifida, Surgical defect and Cerebellum 
F paralysis of lower internal hydro- 
19 days limbs, Arnold- cephalus 
Chiari deformity 
of cerebellum 
(removed sur- 
gically) 
15 Headache, di- Large tortuous vessels Thalamus 
F plopia, writhing within an intracerebral 
29 yr. movements, ex- hemorrhage rupturing 
tensor rigidity of into ventricle; asso- 
limbs, ultimate ciated cerebral aneurysm 
coma 
16 Patient found Vascular tumor within Right fron- 
“ne dead brain tal lobe 
35 yr 





the tumor is small, it may extend only to the 
deeper sulci, in which case the surface of the 
brain may appear normal or may reveal only a 
few enlarged vessels resembling varices (case 
12). Within the brain there is a tangled mass 
of large vessels, which are separated from each 
other by thin layers of cerebral tissue. The 
resultant appearance somewhat resembles a 
varicocele (Bergstrand and his collaborators *). 
In rare instances the vessels are less closely 
arranged, being more sparsely distributed over 
the involved area (case 15). Occasionally the 
superficial vessels may communicate freely with 
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the dural sinuses (Hyland and Douglas °°). 
Cushing and Bailey ' insisted that the afferent 
artery of venous angioma is never enlarged, but 
case 13 in my table 5 shows that this is not 
always true. The lesion may actually protrude 
into a ventricle and if. large enough may actually 
fill the ventricle, producing obstructive hydro- 
cephalus (case 13). 

Venous angioma is not an expansile tumor ; 
rather it replaces the tissue of the involved area 
and not uncommonly causes definite atrophy of 
the region which may be evidenced by consider- 
able dilatation of the nearby ventricle (case 12) 
and a pool of fluid overlying the shrunken cortex 
(Dandy *). Not infrequently some bleeding re- 
sults from the tumor, which is most commonly 
evidenced by a thin layer of subarachnoid blood. 
Larger hemorrhages also occur either intra- 
cerebrally or into the ventricles (cases 12 and 
15). Areas of encephalomalacia may be found 
adjacent to the tumor. 


Microscopic Anatomy.—Most of the vessels in 
venous angioma structurally resemble normal 
veins. In rare instances the tumor may consist 
of venules (case 14) but never of arteries or 
arterioles, although a few arterioles may be 
present in scattered areas throughout the tumor. 
The vessels are usually irregular and bizarre in 
shape. Their walls are relatively thin but may 
show considerable variation. Occasionally, how- 
ever, scattered vessels may present thick walls, 
while others may reveal marked irregularity 
within the circumference of a single structure. 

The structure of a single vessel is usually con- 
stant. The innermost layer consists of a single 
flat endothelial lining, often associated with a 
delicate elastic membrane. This endothelium 
may undergo localized proliferation, producing 
finger-like projections into the lumen of the 
vessel. The elastic lamina, although forming 
fine reduplications, is usually not prominent and 
is often incomplete or even absent. The prin- 
cipal mural element of the vessels of these tumors 
consists of fibrous connective tissue, which un- 
derlies the endothelial and elastic laminas. These 
elements are generally of moderate thickness and 
may be intermixed with a few smooth muscle 
fibers. However, a prominent muscular layer 
does not occur in vessels regarded as venous in 
nature. 

The cerebral parenchyma separating the ves- 
sels and surrounding the lesion manifests rather 
marked changes such as demyelination, degen- 
erative alterations of nerve cells, gliosis, enceph- 
alomalacia and occasionally hemorrhage. 


£0. Hyland, H. H., and Douglas, R. P.: Arch. 
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A number of investigators in reporting on the 
morphologic anatomy of tumors of this type 
regarded many of the thin-walled vessels, even 
those without a well formed lamina muscularis, 
as arterial in structure merely because a thin 
elastic membrane was observed. Bergstrand and 
his collaborators * maintained that the vessels 
were so abnormal that it was impossible to ascer- 
tain whether or not they were arteries or veins. 
That the vessels are abnormal is obviously true ; 
however, in the cases tabulated here it was not 
difficult to determine the more specific nature 
of the vessels. Therefore, only the lesion which 
is composed of vessels principally of venous 
structure should be regarded as venous angioma. 


ARTERIAL ANGIOMA (RACEMOSUM ) 


The name “arterial (racemose) angioma” re- 
fers to a vascular tumor consisting exclusively 
Sim- 
monds '* favored the name “angioma arteriale 
serpentinum.” Since the title “arterial angioma” 
has often been employed for lesions containing 
veins as well as arteries, most of the cases pub- 
lished in the literature actually were cases of 
arteriovenous angioma. In order to establish 
the diagnosis of angioma arteriale, it is necessary 
to prove that the afferent and efferent vessels as 
well as those comprising the tumor all have 
arterial structure. If such a criterion is followed, 
it is questionable whether such a lesion can be 
found ( Bergstrand and his associates *), although 
its occurrence constitutes a theoretic possibility. 


of a conglomeration of coiled arteries. 


ARTERIOVENOUS ANGIOMA 


[ntroduction.—Arteriovenous angioma is a 
vascular tumor comprised of a tangled plexus 
of vessels resembling both arteries and veins. A 
multiplicity of often ambiguous and confusing 
terms have been employed in the recording of 
cases. Lesions of this type have been referred 
to as arterial angioma (Cushing and Bailey ‘ 
and others). Such a name, however, implies 
that they are comprised entirely of arteries. 
They also have beén designated as arteriovenous 
aneurysm and his co-workers,* 
Dandy * and others) ; however, this title is more 
correctly used in describing the traumatic fistula 
between the internal carotid artery and the cav- 
ernous sinus, which is not considered in this re- 


( Bergstrand 


view. Other terms have also been suggested 
such as angioma” (Craig **), 
“arteriovenous hamartoma” (Turner and Kerno- 
han **), 


“aneurysmal 


“cirsoid aneurysm” (Uiberall**) and 


81. Craig, W. M.: 
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many others. A few extremely confusing terms 
have been encountered such as “angioma anasto- 
moticum,” “varix arteriale,” “varix aneurysma- 
ticus” and “rankenaneurysm.” Although the 
term “arteriovenous angioma” rarely appears in 
the recorded publications, it seems the most 
consistent with the pathologic structure and 
therefore should receive preference over other 
titles. It should also be mentioned that even 
though a rather large number of cases have been 
recorded, in very few of the descriptions has 
the anatomic structure been stressed. 

The most characteristic clinical picture con- 
sists of convulsive seizures associated with focal 


TABLE 6—Cases of Arteriovenous Angioma Studied 
in the Departments of Neuropsychiatry and 
Pathology of the University of Minnesota 

— —A. 











Case, 
Sex, Symptoms and Gross 
Age Findings Appearance Location 


Deformed head, 
M obesity, hypo- 
yr. plastic genitalia, 
strongly pulsat- 
ing carotid ar- 
teries, optic 
atrophy, exoph- 
thalmos, positive 
Babinski signs, 
cerebellar symp- 
toms, right 
hemihypesthesia 


Very large tortuous Cerebellum 
vessels coursing diffusely 

over surface of brain 

and along ventrftles; 

large expansile vascular 

tumor producing ob- 

structive internal hydro- 

cephalus 


Is Petit and grand Extensive wedge-shaped Greater 
F mal convulsions, vascular tumor within part of left 
6 yr attacks of apha- brain substance com- cerebral 
sia, right hemi- pressing adjacent ven- hemisphere 
paresis and hemi- tricle; part of tumor above 
anesthesia filled with hemorrhage lateral 
ventricle 
19 Grand mal con Subarachnoid bleeding; Left tem- 
F vulsions, tem- large angiomatous ves- poral lobe 
46 yr. poral fits, emo- sels over cerebral sur- 


tional and neu face; large intracerebral 
rotie disturbances hemorrhage containing 
and intellectual numerous large angiom- 
deterioration atous vessels 


20 Right-sided jack- Large vascular tumor Left parie- 
M sonian epilepsy, within brain containing tal and 
7 yr. hemiparersis, diffuse hemorrhage occipital 
hemihypesthesia, which had extravasated regions 


aphasia into subarachnoid space 


and ventricles 
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symptoms recurring for many years. Contrary 
to the generally accepted conception, a cranial 
bruit and increased intracranial pressure are not 
common findings. Moreover, roentgenographic- 
ally demonstrable calcification is more common 
within lesions of this type than in purely venous 
lesions. 





Gross Pathology.—Arteriovenous angioma oc- 
curs most commonly in the cerebral hemispheres 
and only rarely in the cerebellum (case 17). In 
appearance the lesion is so similar macroscopic- 
ally to venous angioma that a differential diag- 
nosis cannot be made by gross examination alone. 
Like the venous, the arteriovenous tumor often 
occurs as a wedge-shaped lesion extending deep 


into the brain parenchyma. Although it fre- 
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guently only replaces the involved tissue, result- 
ing in atrophy of the region, in certain instances 
it behaves as an expansile growth compressing 
the surrounding structures (case 17). This 
occasional expansile nature is not encountered in 
venous angioma. 

As a rule, the tumor is confined to one region 
of the brain (case 19) but may in certain in- 
stances extend throughout a cerebral hemisphere 
(case 18). Usually the entire surface of the 
involved region is covered with a dense plexus 
of angiomatous vessels. Not infrequently large 
abnormal vessels are observed over extensive 
areas of the brain surface not directly related to 
the principal vascular tumor. These vessels as 
well as those overlying the angioma itself often 
connect with enlarged tortuous vessels situated 
over the basilar structures. The latter vessels, 
in rare cases, may course along the optic nerve 
to reach the orbit and even the retina, according 
to Heitmiiller,** Kreutz,** Rotgans and Winkler *° 
and others. Exophthalmos may result, as in case 
17. Occasionally in cases of arteriovenous angi- 
oma, large tortuous angiomatous vessels are 
observed involving the scalp. A moderate degree 
of dilatation and hypertrophy of the artery sup- 
plying the region involved by the angioma occurs 
more frequently in the arteriovenous than in the 
venous tumor. 

Some portion of the angioma is usually in 
contact with one of the ventricles, occasionally 
producing considerable compression and even 
obstruction of the involved portion of the ven- 
tricle. Obstructive hydrocephalus may result in 
this way, but more frequently ventricular dilata- 
tion eventuates from the diffuse parenchymal 
atrophy. At times large angiomatous vessels 
may be observed coursing along the ventricular 
walls at a great distance from the main lesion 
(case 17). 

In many cases some form of intracerebral 
hemorrhage eventuates from the rupture of one 
of the angiomatous vessels (cases 18, 19 and 
20). Bleeding may be so extensive as to obscure 
much of the vascular nature of the tumor, creating 
the appearance of a cerebral hemorrhage (cases 
18 and 19). Subarachnoid and intraventricular 
bleeding are both common. Occasionally the 
rupture of a cerebral hemorrhage into a ventricle 
produces a cyst communicating with the ven- 
tricle (Sorgo **). Grossly visible vascular calci- 

83. Heitmiiller, G. H.: J. A. M. A. 42:648, 1904, 

84. Kreutz, A.: Wien. med. Wchnschr. §3:1726, 1903. 

85. Rotgans, J., and Winkler, C.: Anevrysme racé- 
meux de la pie-mére de l"hémisphere gauche. Exoph- 
thalmie pulsatile a droite. Trépanation. Hémiplégie 
transitoire. L’état actual de la chirurgie nerveuse, Paris, 
Chipault, 1902, p. 695. 

86. Sorgo, W.: Zentralbl. f. Neurochir. 3:64, 1938. 
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fication is encountered with much greater fre- 
quency than in cases of venous angioma. 
Microscopic Anatomy.—This variety of vas- 
cular tumor is comprised of a collection of adult 
blood vessels which are separated from one 
another by brain tissue. The general histologic 
picture is similar to that described previously for 
venous angioma. Scattered throughout arterio- 
venous angioma, however, there are numerous 
vessels clearly resembling arteries. In 3 of the 
4 cases tabulated here (17, 18 and 20), more 
than half of the vessels were arterial, while in 
only 1 case (19) were veins more numerous; 
yet even in this case vessels resembling arteries 
were prominent throughout ‘the tumor. 

As the vessels of arterial structure are the 
only morphologic feature by which arteriovenous 
angioma can be distinguished from venous angi- 
oma, the microscopic anatomy of only these 
vessels requires description. They tend to be 
round or oval but may be irregular in contour. 
Their walls are generally thick, with the indi- 
vidual vessels revealing little variation in their 
mural thickness. 

The most characteristic feature of such a vessel 
is the presence of a relatively thick layer of 
smooth muscle comprising much of the wall. No 
vessel should be considered arterial without this 
type of tunica media. The lumen of the vessel 
is lined by a single layer of endothelium which 
may produce partial occlusion of the lumen 
through its proliferation. A prominent thick 
and wavy internal elastic membrane is usually 
present around the entire circumference of the 
vessel. It frequently reveals multiple reduplica- 
tions. Such an elastic intima may be absent in 
an occasional arterial vessel and hence is of less 
value than the mucular lamina in determining 
the vessel’s arterial structure. 

Degenerative changes in the vessel wall are 
not prominent, but calcification of scattered ves- 
sels is the rule. The parenchyma surrounding 
the lesions and separating the individual vessels 
shows considerable degenerative alterations, such 
as disease of nerve cells, demyelination, enceph- 
alomalacia and gliosis. Extensive hemorrhages 
and large cerebral softenings are not uncommon. 


ANGIOMATOUS MENINGIOMA 


Introduction.—Angiomatous meningioma is a 
vascular tumor of the meninges comprised of 
various combinations of adult blood vessels, such 
as arteries, veins, cavernous spaces or capillaries. 
The lack of involvement of the underlying cere- 
bral tissue differentiates this type of vascular 
tumor from the deeper, parenchymal angioma. 

The literature is most meager as regards angi- 
oma of the meninges, only a few verified cases 
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having been reported, such as those recorded 
by Worster-Drought and Ballance ** and Globus.* 
Globus * was the only author to use the term 
“angiomatous meningioma.” Cushing and Bailey * 
expressed the opinion that in most of their cases 
of venous angioma the lesion, which they called 
a superficial serpentine lesion, was restricted to 
the cerebral meninges; however, they were un- 
able to prove this since none of their cases was 
studied pathologically. It was probably for this 
reason that angiomatous meningioma was not 
included in their classification. 


Angiomatous meningioma may occur in Sturge- 
Weber disease as a concomitant lesion ; however, 
in this condition it is not always present and 


Taste 7.—Cases of Angiomatous Meningioma Studied 
in the Departments of Neuropsychiatry and 
Pathology of the University of Minnesota 








Case, 
Sex, Symptoms and Gross 
Age Findings Appearance Location 
21 Delirium, coma, vomit- Thick layer of Surface of 
F ing, respifatory diffi- subarachnoid cerebellum 
65 yr. culty hemorrhage 
22 Symptoms ofincreased Extensive sub- Surface of 
M intracranial pressure, arachnoid bleed- cerebellum 
9 yr. leftinternalsquint, right ing filled with a and right 
ptosis and facial palsy, network of large side of pons 
ataxia, pyramidal tract tortuous ves- 
signs, dysphagia, respir- sels 
atory difficulty 
23 Increased intracranial Layer ofextray- Right cere 
M pressure, suboccipital asated blood bellariemi 
54 yr. headache, paresthesias containing large sphere 
of upper limbs, left cere- angiomatous 
bellar findings, signs of vessels on brain 
involvement of right surface 
pyramidal tract 
24 Patient found dead Firm, well cir- Left cere 
M cumscribed tumor bral hemi 
76 yr. attached to dura sphere 
25 Respiratory difficulty Tangled layer of Medial sur 
F and cyanosis, with death vessels covering face of left 
New occurring 12 hours after extensive area of cerebral 
born parturition brain surface hemisphere 
26 Generalized hypotonia, Extensive sub- Cerebellar 
F tremor of right upper arachnoid hemor- surface 
28 days limb, respiratory diffi- rhage 


culty, rapid downhill 
course 





hence is not considered of fundamental signifi- 
cance. 

There is no characteristic clinical picture for 
angiomatous meningioma. Convulsive seizures 
plus various other manifestations may occur with 
cerebral lesions. Symptoms referable to the 
cerebellum, the brain stem and the cranial nerves 
are often observed with predominantly cerebellar 
lesions. A complicating subarachnoid bleeding 
may account for many of the clinical features. 

Gross Pathology.—The angiomatous menin- 
gioma is observed on the surface of the brain as 
Serial 
sections through the involved regions demon- 


a plexus of large coiled blood vessels. 


87. Worster-Drought, C., and Ballance, C. A.: Lancet 
2:125, 1922. 
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strate that the underlying parenchyma is not 
involved, thereby differentiating this vascular 
tumor from the deeper racemose angioma, which 
primarily involves the brain tissue and extends 
outward to reach the meninges. The angioma- 
tous vessels may show a loose arrangement or 
appear as a dense vascular plexus completely 
hiding the underlying cortex (case 25). Large 
vascular channels often drain into the dural 
sinuses. The meningeal angioma may be con- 
fined to one region of the brain or may cover 
extensive areas of the cerebral surface. It may 
be found over the surface of the cerebrum, the 
cerebellum or the brain stem. In the cases 
tabulated here the cerebellum was the favorite 
location (cases 21, 22, 23 and 26). 

A subarachnoid hemorrhage resulting from a 
rupture of one of the angiomatous vessels is a 
common complication (cases 21, 22, 23 and 
26). This bleeding may be extensive and may 
so obscure the vascular tumor that the latter may 
be readily overlooked on gross examination (case 
21). When such a subarachnoid extravasation 
occurs in the cerebellar region, it generally pro- 
duces compression of the fourth ventricle and 
concomitant internal hydrocephalus. 

A well circumscribed firm tumor of the menin- 
ges comprised of closely packed small blood 
vessels is an extremely rare form of angiomatous 
meningioma (case 24). Another rare variety is 
composed entirely of capillaries and is difficult to 
identify on gross examination (case 26). 

Microscopic Anatomy.—Histologic study con- 
firms the macroscopic observation that angioma- 
tous tumor is confined primarily to the lepto- 
meninges. A few vessels may be scattered along 
the subpial region of the underlying cortex, but 
the subcortical parenchyma is not involved. The 
structure of the vascular elements resembles that 
of arteries or veins; in other words, the micro- 
scopic anatomy is similar to that of venous or 
arteriovenous angioma except that the individual 
vessels are separated by loose connective tissue 
rather than cerebral parenchyma (cases 21, 22 
and 23). Vessels of typical arterial structure 
were prominent in the cases tabulated here. In 
some instances the lesion is comprised of closely 
packed cavernous spaces (Globus*) or capil- 
laries (case 26), thus simulating cavernoma or 
telangiectasis. 

A rare form of angiomatous meningioma con- 
sists of a firm, well circumscribed lesion grossly. 
Microscopically it is comprised of a large number 
of small blood vessels situated close to one an- 
other (case 24). The walls of these vessels are 
greatly thickened with various degrees of asso- 
ciated occlusion of the lumens. In all the vessels 
profound hyaline degeneration is observed, and 
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in a few extensive mural calcification. In some 
places the vessels are separated by thin bands re- 
sembling meningotheliomatous tissue, suggesting 
thatesuch a lesion might have a mild transitional 
tendency toward the meningotheliomatous 
meningioma. 


STURGE-WEBER DISEASE 


Introduction.—Sturge-Weber disease consists 
of atrophy and calcification of the cortex of one 
cerebral hemisphere, which is generally associated 
with dilated or actually angiomatous vessels in 
the overlying meninges and an ipsilateral facial 
nevus. Even though many of the cases recorded 
in the literature were published as cases of cere- 
bral angioma, it is questionable whether Sturge- 
Weber disease should be included with the 
vascular tumors, since either the vascularity of 
the meninges or the facial nevus may be absent. 
The. most consistent finding is the calcified, 
atrophic cortex. 

Sturge ** published one of the first clinical re- 
ports in 1879. Later, Weber ** noted the charac- 
teristic roentgenographic findings, which he er- 
roneously ascribed to calcification of an intra- 
cranial angioma. Unfortunately, this miscon- 
ception persisted in many of the subsequent. pub- 
cations and has occasioned much of the confusion 
in understanding the vascular tumors and mal- 
formations. Although the title “Sturge-Weber 
disease” has appeared frequently in the foreign 
literature, it has been almost absent from Ameri- 
can publications, in which most of the cases are 
found recorded as cases of angioma. This error 
probably can be largely attributed to the popu- 
larity of the monographic study published by 
Cushing and Bailey, in which classic cases were 
regarded as cases of venous angioma. It was not 
until 1934 that Krabbe * proved beyond doubt 
that the roentgenographic picture was a reflection 
of the cortical calcification rather than of angioma. 
Krabbe suggested that the name of this condition 
be changed to “Kraft-Weber-Dimitri disease” in 
recognition of Dimitri’s ** beautiful descriptions 
of the roentgenographic picture. However, since 
the term “Sturge-Weber disease’ has been so 
widely employed, it is questionable whether such 
an alteration is feasible. 

There are now a large number of instances of 
Sturge-Weber disease recorded in the literature. 
As early as 1913, Hebold * reported 5 cases. 
In 1936 a review of the literature revealed re- 


88. Sturge, W.: Tr. Clin. Soc. London 12:162, 1879. 

89. Weber, F. P.: Arch. Neurol. & Psychiat. 3:134, 
1922. 

90. Krabbe, K. H.: Arch. Neurol. & Psychiat. 32: 
737, 1934. 

91. Dimitri, V.: Rev. Asoc. méd. argent. 36:63, 1923. 

92. Hebold, O.: Arch. f. Psychiat. $1:445, 1913. 
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ports of 68 examples of this disease (Greenwald 
and Koota **) ; however, the failure to recognize 
this condition, with the result that many cases 
were recorded under a variety of titles, maRes it 
virtually impossible to discover all the recorded 
cases. 

The outstanding clinical signs and symptoms 
consist of convulsive seizures, an ipsilateral facial 
nevus, contralateral hemiparesis and hemianopsia, 
ipsilateral exophthalmos, glaucoma and parallel, 
wavy lines of cortical calcification observed on 
roentgenograms of.the skull. 


Gross Pathology.—Few cases have been stud- 
ied pathologically, and no material has been 
available to me for study. In the recorded cases 
the cerebrum showed atrophy involving only an 
isolated area or an entire hemisphere. There was 
a rather definite predilection for the occipital 
region ; however, the case tabulated here was an 
exception since air studies revealed atrophy which 
spared only the occipital lobe. The atrophic areas 
appear shrunken, and the convolutions become 


Taste 8—A Case of Sturge-Weber Disease 








Case, 
Sex, Symptoms and 
Findings 


Roentgenologic 
Features 


Port wine nevus of 
right side of face, 
left hemiparesis 

and hemihypesthesia, 
optic atrophy, con- 
vulsive seizures 


Roentgenograms of skull and 
encephalography revealed atrophy 
of almost the entire right cere- 
bral hemisphere, with wavy lines 
representing calcification of the 
cortical gray matter 





narrow, hypoplastic and firm in consistency. Cut 
sections disclose marked diminution of the cere- 
bral tissues eventuating in secondary dilatation 
of the regional ventricle. There is notable thin- 
ning of the cortical ribbon, in which macroscopic 
calcification is often visible. Occasionally large 
irregular nodules of calcification are observed 
(Krabbe *). Associated cerebellar atrophy is a 
rare concomitant occurrence (Hebold *). 


The surface of the atrophic cerebrum is often 
covered with a congeries of enlarged angiomatous 
vessels or an actual angiomatous meningioma. 
In many cases, however, only a few dilated ves- 
sels are revealed; in a few cases there are no 
signs of any abnormal vascularity (Krabbe * ; 
Kreyenberg *°; Gerhard and Hansing *°; Geylin 
and Penfield ®*). Ipsilateral buphthalmos or 
exophthalmos is a common finding. Also large 
dilated vessels may occur in the sclera (case 31). 
Microscopic Anatomy.—The involved regions 
reveal a thin atrophic cortex in which there is 


93. Greenwald, H. M., and Koota, J.: 
Child. 51:868, 1936. 

94. Geylin, H. R., and Penfield, W.: Arch. Neurol. & 
Psychiat. 21:1020, 1929. 


Am. J. Dis. 
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relatively complete absence of neurons and axons. 
In addition, there is a prominent increase of 
fibrous astrocytes forming a dense interlacing 
meshwork of glial fibers. The small cortical 
blood vessels show extreme thickening and hya- 
linization of their walls and resultant narrowing 
of their lumens. Many of these vessels are com- 
pletely calcified, with small calcific deposits situ- 
ated in the intervascular tissue. 

When an angioma is present, it is usually con- 
fined to the overlying leptomeninges. It is un- 
usual for the angioma to invade the underlying 
cortex; however, such an occurrence was re- 
ported by Hassoi.*° The structure of the angi- 
omatous vessels generally resembles that of 
normal arteries or veins. Calcification of these 
vessels is not at all striking. Small heterotopias 
of cerebral tissue have been encountered in the 
leptomeninges by Bergstrand, Olivecrona and 
Tonnis.* 

A vascular involvement usually resembling 
cavernous angioma may be found in the retina 
and the sclera of the diseased eye (Meller *°), 
but others claim there may be no pathologic 
change to explain the ocular manifestations 
( Weber **). 

The genesis of the cortical atrophy remains a 
moot point. While certain authors have con- 
sidered this condition secondary to circulatory 
disturbances occasioned by the overlying angioma, 
others have regarded it as congenital aplasia of 
the cortex. The frequent occurrence of other 
congenital anomalies tends to favor the latter 
point of view. 

ANGIOBLASTOMA 

Introduction—Angioblastoma is comprised of 
embryonic vascular elements and constitutes one 
of the most common intracranial vascular lesions. 
The tumor often occurs as a nodule in the wall 
of a cerebellar cyst. Because of the close macro- 
scopic resemblance to cerebellar astrocytoma, 
these two lesions usually were not distinguished 
in the earlier publications. However, after the 
appearance of Lindau’s ? original article in 1926, 
angioblastoma has been widely recognized, with 
the result that a relatively abundant literature 
is now available. 

The terms used, especially in the earlier 
records of cases, are most confusing. For some 
time tumors of this type were regarded as glioma 
(Roussy, Lhermitte and Cornil **; Cushing and 


Bailey* ; Bassoe and Apfelbach®’). Other 
95. Meller, J.: Arch. f. Ophth. 85:255, 1913. 
96. Roussy, G.; Lhermitte, J., and Cornil, L.: Ann. 


d’anat. path. 1:333, 1924. 


97. Bassoe, P., and Apfelbach, C. W.: Arch. Neurol. 
& Psychiat. 14:396, 1925. 
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angioblastic lesions were referred to as cystic 
sarcoma (Cushing and Bailey’), sarcomatous 
hemangioma (Corten **), hemangiomatous cyst 
(Sargent and Greenfield *) and angioreticuloma 
(Roussy and Oberling ‘°°; Bergstrand, Olive- 
crona and Ténnis*). Not infrequently, even in 
recent articles, one encounters names of entirely 
different vascular lesions used for these neo- 
plasms as, for example, “telangiectasis,” “capil- 
lary hemangioma” or “‘angioma.’”’ Out of respect 
for Lindau’s * pioneering studies, the lesion occa- 
sionally is spoken of as Lindau’s tumor. Similar 
angioblastic tumors in other parts of the body 
generally are called hemangioendothelioma, a 
name which only occasionally is employed for the 
cerebellar tumors. 
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superfluous since lymphatic neoplasms of the 
nervous system are unknown. The term “angio- 
reticuloma” is in keeping with the abundant 
reticulum of these tumors but is less widely 
known than the title “angioblastoma.” 

The clinical picture differs little from that of 
other cerebellar tumors. Treatment consists of 
early surgical removal of the mural nodule. Such 
a procedure frequently results in complete re- 
covery of the patient with no recurrence of the 
tumor if it has been completely excised. 

Gross Appearance —Cerebellar angioblastoma 
has been described from the standpoint of 
pathology by a number of writers. A few of 
these are: Joseph **; Friedrich and Stiehler *% ; 
Bassoe and Apfelbach * ; Lindau *; Cushing and 


TaB_e 9.—Cases of Angiobiastoma Studied in the Departments of Neuropsychiatry and Pathology of the Univer- 
sity of Minnesota 














Case, Sex Age, Yr. Symptoms and Findings Gross Appearance Location 

28 M 40 Suboccipital cephalalgia, cervical rigidity, symp Mural nodule in a large cyst Left cerebellar hemi- 
toms of increased intracranial pressure, slight sphere 
paresis of left upper extremity; symmetric 
hydrocephalus on ventriculography 

29 M 0 Deafness of right ear, spells of unconsciousness, Internal hydrocephalus; soft Upper part of 
occipital and nuchal pain, papilledema, aniso- red tumor containing small medulla 
coria, paresthesias of left side of body, right cysts, well circumscribed 
hemihypesthesia, scattered irregularities of 
reflexes 

30 F 8 Evidence of intracranial hypertension, occipital Solid reddish tumor nodule 2.4 Region of right cere- 
headache and tenderness, left exophthalmos, em. in diameter; large en- bellar tonsil 
paresthesias of ulnar border of left hand gorged vessels in involved 

region; internal hydrocephalus 

l F 12 Occipital headache, cervical rigidity, signs of Firm red nodule 2 em. in diam- Anterosuperior part 
increased intracranical pressure, anisocoria, eter in cyst wall of right cerebellar 
tonie fits, dysmetria in right upper limb, posi- hemisphere 
tive toe signs 

32 M 45 Occipital cephalalgia, findings of increased intra- Reddish cystic tumor mass Region of cisterna 
cranial pressure, tinnitus, vomiting, epigastric magnum and lower 
pain, ataxia with falling toward the right fourth ventricle 

3 M 8 Fronto-occipital headaches, advanced picture of Small reddish tumor nodule Right cerebellar 
increased intracranial pressure, ataxia, scat attached to cyst wall hemisphere (left 
tered changes in reflexes hemisphere com- 

pressed) 

4 F 25 Onset during pregnancy. Suboccipital pain, Grayish red neoplastic nodule in Left cerebellar hemi- 

symptoms of elevated intracranial pressure, wall of a cyst sphere 


deafness of right ear, hyperactive reflexes, 


- incoordination on right. ataxia 
° 


23 Right-sided occipital headaches, choked disks 
with other signs of increased pressure, skew 


Right cerebellar 
hemisphere 


Small cyst containing a mural 
tumor nodule 


deviation of eyes, slurred speech, marked right 


sided cerebellar manifestations 





Cushing and Bailey * coined the term “angio- 
blastoma.” They noted that morphologically this 
neoplasm closely resembled the various stages 
that the vasoformative cells pass through during 
the early development of the vascular system as 
demonstrated by Sabin '” in hanging drop prepa- 
rations of the chick embryo. This observation 
gave the title “angioblastoma” a ‘structural 
connotation, which most likely accounts for its 
universal acceptance. The prefix of the name 
“hemangioblastoma,”’ which is often used, seems 

98. Corten, M. H.: Frankfurt. Ztschr. f. Path. 29: 
693, 1921. 

99. Sargent, P., and Greenfield, J. G.: Brit. J. Surg. 
17:84, 1929. 

100. Roussy, G., and Oberling, C.: Presse méd. 38: 
179, 1930. 


101. Sabin, F. R.: Anat. Rec. 13:199, 1917. 


Bailey '; Greenfield ***; Bergstrand and his co- 
workers *; Levine.® Although angioblastoma 
may involve any region of the central nervous 
system, it shows a predilection for the hemi- 
spheres of the cerebellum (cases 28, 31, 33, 34 
and 35). Another relatively common situation 
is the posterior portion of the cerebellar vermis 
(Cushing and Bailey *; present report, case 33). 
Occasionally, it is encountered in the brain stem 
as in case 29 and in cases reported by Berb- 
linger,'*°° Tannenberg,’° Lindau? and many 


102. Joseph, M.: Ztschr. f. klin. Med. 16:347, 1889. 

103. Friedrich, H., and Stiehler, H.: Deutsche Ztschr. 
f. Nervenh. 73:158, 1922. 

104. Greenfield, J. G.: Proc. Roy. Soc. Med. 24:382, 
1931. 

105. Berblinger, W.: Arch. f. Ophth. 110:395, 1922. 

106. Tannenberg, J.: Ztschr. f. d. ges. Neurol. u. 
Psychiat. 92:119, 1924. 
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others. In a few instances of angioblastoma of 
the brain stem or spinal cord, concomitant 
syringomyelia has been noted by Lindau,’ 
Gaupp,’* Pinner,’®* Schuback **’ and others. 
Angioblastoma of the cerebrum is a rare patho- 
logic curiosity, but a few acceptable cases have 
been reported (Rochat'*®; Bielschowsky ™’; 
Berger and Guleke '**; Schley '**; Mariotti ***). 
In many of the <ases of intracerebral angio- 
blastoma the lesion involves the regional 
meninges and hence may actually be meningioma 
(Barnard and Walshe '**; Wolf and Cowen *"*; 
Keller *'*). Although more than one lesion is 
not common, multiple angioblastoma of the 
nervous system occasionally occurs, according to 
Koch,''** Wersilow,"® Schuback,'®® Moller,'*° 
Guillain and co-workers,!*!: Davidson and co- 
workers,'*? Raney and Courville * and others. 


The involved cerebellar hemisphere is often 
enlarged, compressing the brain stem and at 
times the opposite cerebellar hemisphere. The 
cerebellar tonsil may be forced through the 
foramen magnum. Aspiration of the involved 
fluctuating area generally yields a clear straw- 
colored fluid, which may quickly coagulate. 
Midline lesions are easily detected from the 
surface, since they spread the cerebellar tonsils. 
Enlarged, dilated blood vessels may be observed 
over the involved cerebellar surface. The fourth 
ventricle is always compressed, a_ condition 
eventuating in marked internal hydrocephalus. 
The floor of the fourth ventricle, however, is 
only rarely invaded (Zeitlin ***). 


107. Gaupp, J.: 
2:510, 1888. 

108. Pinner, A. W.: Arb. a. d. 
Tubingen 9:118, 1914. 

109. Schuback, A.: Ztschr. f. d. ges. Neurol. u. Psy- 
chiat. 110:359, 1927. 

110. Rochat, G. F.: 
1:1124, 1927. 

111. Bielschowsky, M.: Deutsche Ztschr. f. Nervenh. 
22:54, 1902. 

112. Berger, H., and Guleke: 
Chir. 203-204:104, 1927. 

113. Schley, W.: Centralbl. f. 
Anat. 41:337, 1928. 

114. Mariotti, D.: Pathologica 28:1, 1936. 

115. Barnard, W. G., and Walshe, F. M. R.: J. Path. 
& Bact. 34:385, 1931. 

116. Wolf, A., and Cowen, D.: 
New York 5:485, 1936. 

117. Keller, H.: Virchows Arch. f. path. Anat. 289: 
151, 1933. 

118. Koch, F.: Ztschr. f. Kinderh. 59:638, 1938. 

119. Wersilow, W.: Neurol. Centralbl. 32:340, 1913. 

120. Méller, H. V.: Acta ophth. 7:244, 1929. 


Beitr. z. path. Anat. u. z. allg. Path. 
path. Anat. Inst. zu 
Nederl. 


tijdschr. v. geneesk. 


Deutsche Ztschr. f. 


allg. Path. u. path. 


Bull. Neurol. Inst. 


121. Guillain, G.; Schmite, P., and Butrand, I.: Rev. 
neurol. 1:420, 1932. 
122. Davidson, C.; Brock, S., and Dyke, C. G.: Bull. 


Neurol. Inst. New York 5:72, 1936. 
123. Zeitlin, H.: J. Neuropath. & Exper. Neurol. 
1:14, 1942. 


Cut sections of the cerebellum, as a general 
rule, reveal a large part of the hemisphere to be 
replaced by a large cyst containing clear yellow 
fluid. The walls of the cyst are smooth, showing 
no tumor except at the site of attachment of the 
mural nodule, which comprises the entire neo- 
plasm. The tumor is either sessile or peduncu- 
lated, measuring only about 1.5 to 2.5 cm. in 
diameter. It is grayish to dark red and firm in 
consistency. 

A less common form of angioblastoma con- 
sists of a solid, fairly well circumscribed tumor 
which is not associated with a large cyst 
(case 33). It generally contains multiple small 
cysts, which may be visible grossly (cases 29 
and 32). In the rare instances in which angio- 
blastoma occurs in the brain stem it may be solid 
or cystic. Cushing and Bailey’s * division of the 
angioblastic lesions into cystic, partially cystic 
and solid varieties has little value since there are 
all sorts of transitional variations in the cystic 
structure. 


Microscopic Anatomy.—Except for minor 
variations, the histologic structure of angio- 
blastoma is remarkably constant. Small capil- 
laries and occasionally a few cavernous spaces 


are disseminated throughout the tumor. These 
vessels are generally filled with blood. The 
intervascular areas are cellular and contain 


numerous tiny embryonic vascular spaces, which 
are usually empty (fig. 3). These tiny spaces 
are lined by either endothelial or actual neo- 
plastic cells. The cells of the intervascular areas 
merge directly with those lining the vascular 
channels and appear to be growing from the outer 
surface of the capillary walls. 

The typical neoplastic cell has an oval vesicular 
nucleus and often a nucleolus. The cytoplasm 
generally contains a few vacuoles. Sometimes 
the cytoplasm is extensive and filled with large 
vacuoles, giving the cell a foamy appearance. 
Cells of this type are referred to as pseudo- 
xanthomatous or xanthic cells because of their 
resemblance to the foam cells characteristic of 
xanthoma (Lindau *; Turner and Kernohan *). 
Polariscopic studies suggest that the lipoid con- 
tained in these vacuoles is closely related to a 
cholesterol ester (Zeitlin'**). It is most likely 
nutritional rather than degenerative in origin 
since it shows no constant relationship to areas 
of degeneration. Large foam cells were promi- 
nent in 4 of the cases tabulated here (28, 29, 31 
and 32). In some areas of the tumor the nuclei 
may become pyknotic or appear elongated and 
fusiform. Multinucleated giant cells and large 
cells containing bizarre-shaped nuclei occasionally 
are observed. 
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Mitotic figures are seldom seen. A dense 
reticulum permeating the tumor is characteristic 
of these lesions and is best demonstrated by the 
Perdrau technic. The reticulum fibers encircle 
the capillaries and vascular spaces, sending 
branches into the cellular intervascular areas. 
Occasionally the reticulum is missing in the 
highly cellular areas. In certain regions of the 
tumor capillaries may be extremely prominent, 
while in other areas the structure is extremely 
cellular, with the vascular nature being indicated 
merely by the tiny embryonic spaces. Lesions 
in which cavernous spaces are predominant may 
be confused with cavernous angioma. However, 
the cavernous walls are more delicate than those 
of true cavernoma, and proliferating cells as well 
as embryonic vascular spaces are observed 
between the cavernous vessels. Also, areas of 
typical angioblastic structure are usually found 


in some portions of the tumor, proving conclu- 


sively that the lesion is angioblastoma rather 
than cavernoma. 

Occasionally the neoplastic structure of certain 
regions of angioblastoma is distorted or even 
obliterated by a proliferation of fibrous connec- 
tive tissue or fibrillary neuroglia (cases 28, 29, 
33 and 34). The resultant morphologic altera- 
tions were termed sclerosing changes by Bailey 
and Ford.** Areas of necrosis (case 35), cystic 
cavities, edematous regions, collections of blood 
pigment or a marked proliferation of the endo- 
thelial lining of the larger capillaries (case 35) 
may sometimes be observed in angioblastoma. 

The tumor is well circumscribed and often is 
circumvented by a zone of fibrous neuroglia 
(case 29). The wall of the cyst consists of 
glial fibers and contains no tumor tissue except 
at the site of attachment of the mural nodule. 
The cystic fluid is considered to be the result of 
transudation and resembles plasma in its chemical 
composition (Martin). The fluid quickly re- 
forms after aspiration if the tumor nodule is not 
removed. 

LINDAU’S 


(VON HIPPEL’S) DISEASE 


Introduction.—This condition consists of an 
angioblastic tumor of the retina associated with 
single or multiple angioblastoma of the nervous 
system and various congenital lesions of other 
organs, such as cystic disease of the kidneys, the 
pancreas and the liver. Von Hippel’s disease 
refers to an isolated angioblastic lesion of the 
retina, while the entire complex is termed 
Lindau’s disease after the author who first 
popularized knowledge of the condition. Lindau ? 
found that in 20 per cent of the recorded cases 
of von Hippel’s disease there was evidence of 


4il 


associated neural lesions. Lindau’s disease also 
has been called von Hippel-Lindau disease 
(Davidson, Brock and Dyke '**) and Lindau- 
von Hippel disease (Craig, Wagener and 
Kernohan ***). 

The retinal lesion was first described by 
Fuchs > and Wood,!** but Collins *** was the 
first to recognize its true angioblastic structure. 
Although von Hippel 22° did not report this con- 
dition of the retina until 1903 and erroneously 
regarded it as an arteriovenous aneurysm, the 
disease still bears his name. Lindau’s disease 
was first described by Schuback *°® but was not 
widely recognized until after Lindau’s mono- 
graph. Cushing and Bailey * pointed out that 
Lindau overstressed the frequency of this con- 
dition and demonstrated that angioblastoma 
occurs much more often as an isolated cerebellar 
tumor. In the 8 cases of angioblastoma tabulated 
here there was no vascular tumor of the retina; 
however, in case 34 an associated cystic disease 
of the pancreas was found. 

The clinical picture is most variable, being 
characterized by ocular and nervous system 
manifestations. Either a family history of the 
disease, which is obtained in about 20 per cent 
of the cases, or visualization of the retinal lesion 
is necessary for an antemortem diagnosis. 


Pathologic Features ——A small tumor nodule 
which reveals angioblastic structure is found in 
the peripheral portion of the retina. A large 
tortuous artery and vein connect the neoplastic 
nodule with the optic disk. An associated cyst 
similar to that of the cerebellar lesion may 
produce a detachment of the retina. Secondary 
changes such as proliferation of connective tissue, 
organization of extravasated blood, adherence of 
the retina to the lens and calcification of the 
choroid may occur. These changes may obscure 
the vascular nature of the lesion and have been 
referred to as Coats’s retinitis (Coats***). In 
contrast to the angioblastoma of the nervous 
system, the retinal neoplasm may undergo calci- 
fication and occasionally even ossification (David- 
son, Brock and Dyke ***). 

By definition, single or multiple angioblastoma 
of the nervous system is present. The lesion of 
the nerve tissues possesses the same gross and 
microscopic features as the isolated lesion de- 
scribed in the previous section. Angioblastoma 
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of the cerebellum is the most common but in- 
volvement of the brain stem and the spinal cord 
is not infrequent. Syringomyelia, hydromyelia 
or syringobulbia occasionally is found as a con- 
comitant lesion, according to Davidson and his 
associates,** Craig and his associates *** and 
others. 

Cystic disease of the kidneys, the pancreas and 
the liver, as well as hypernephroma, is common. 
The hypernephroma does not metastasize. Other 
visceral lesions, such as an adenoma of the 
epididymis, a cavernoma of the liver (Koch **°), 
an angioma of the kidney or a small cerebellar 
ependymoma, may occur (Craig and his co- 
workers ‘**; Kernohan, Woltman and Adson !**), 

Although the cystic disease of the various 
organs has been regarded as very pathognomonic 
of this condition, such involvement of organs 
may occur in the absence of angioblastoma of 
the retina and the nervous system. Therefore, 
the angioblastic lesions are essential for a diag- 
nosis of Lindau’s syndrome. 


ANGIOBLASTIC MENINGIOMA 


Introduction.—Angioblastic meningioma is a 
rare form of meningeal tumor comprised of capil- 
laries, embryonic vascular elements and an 
abundant stroma of reticulum. The term “angio- 
blastic meningioma” was introduced by Bailey, 
Cushing and Eisenhardt.’**? They used this term 
interchangeably with ‘“supratentorial angio- 
blastoma” since their meningeal vascular tumors 
showed a predilection for the superior surface 
of the tentorium. More recently, however, the 
latter term has been used for the intracerebral 
as well as the meningeal angioblastic lesions. 
A few other titles occasionally have appeared in 
the literature such as “leptomeningioma piale” 
(Globus *), “malignant meningioma” (Berg- 
strand and his co-workers *), “capillary angioma” 
(Keller ***), “perithelioma” (Borst ***), “hem- 
angioendothelioma” (Bruns ***), ““angiosarcoma”’ 
(Ribbert **) and “endothelioma angiomatosum” 
( Henschen **°). 
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Since this variety of meningioma is rather rare 
and has been adequately described only in recent 
years, the literature regarding this lesion is rela- 
tively meager. Carefully verified cases have been 
published by Wolf and Cowen,’** Tannenberg,’”® 
Bailey and Bucy,’** Bailey, Cushing and Eisen- 
hardt,*** Corten,°**® Zeitlin,’** Globus,* Bergstrand 
and his co-workers,’ Bailey and Ford,?* Courville 
and Abbot ** and Patterson and Anderson.*** 

The clinical picture differs little from that of 
any other type of meningioma and depends 
largely on the location of the lesion. The clinical 
course is often rapid but may be prolonged. 
Although complete surgical removal is possible, 
postoperative recurrence is the rule. 

Gross Appearance.—On examination 
alone, angioblastic meningioma cannot be differ- 
entiated from the more common varieties of 


TOSS 


Taste 10.—Cases of Angioblastic Meningioma Studied 
in the Departments of Neuropsychiatry and 
Pathology of the University of 











Minnesota 
Case, 
Sex, Symptoms and Gross 
Age Findings Anatomy Location 
36 Increased intracra- Firm fleshy menin- Left tem- 
M nial pressure, right geal tumor 5 em. in poral lobe 
46 yr. homonymous hemi- diameter grossly in 
anopsia, spastic filtrating adjacent 
paresis of right cerebral cortex 
lower limb, right 
hemihypesthesia 
37 Headache, right Fairly well circum- Rolandic 
F hemiparesis and scribed meningeal region of 
56 yr. hemihypesthesia tumor 5em. in diam- leit cere 
eter adherent to un bral hemi 
derlying cerebral sphere 
cortex 
38 Personality changes, Firm, well circum Orbital sur 
F headache, confusion, scribed globoid face of 
62 yr. hyperactive reflexes, tumor7 by 8 cm. in right fron 
bilateral positive diameter adherent tal lobe 
Babinski signs to dura 
meningioma. Generally the outer surface is 


firmly adherent to the dura but only in rare 
instances does the growth invade the overlying 
bone (Zeitlin***). The tumor usually assumes 
a globoid form but at times appears as a flat, 
plaquelike lesion. Although grossly the tumor 
appears to be well circumscribed, invasion of the 
adjacent parenchyma often occurs (cases 36 
and 37). In most instances the tumor is firm 
or very fibrous in consistency. The cut surface 
varies from reddish brown to yellowish white 
(cases 36 and 37). Although gross examination 
may show striking vascularity, some of the more 
common forms of meningioma also 
copious vascularity. 

Apparently any region of the brain may be 
involved by this type of meningioma. , 


possess 


However, 


136. Bailey, P., and Bucy, P. C.: 
15:15, 1931. 

137. Patterson, G. H., and Anderson, F. M.: 
Los Angeles Neurol. Soc. 5:218, 1940. 


Am. J. Cancer 


Bull. 





























NORAN—INTRACRANIAL 


the cases described in the literature as well as 
those tabulated here indicate that there is definite 
predilection for the cerebral convexities. The 
superior surface of the tentorium or the peri- 
torcular region ranks next in frequency of in- 
volvement. The tumor also may be found in 
other locations, such as the regions of the inferior 
surface of the tentorium, the cerebellum, the 
olfactory groove (case 38), the cerebeliopontile 
angle and the midline between the cerebral hemi- 
spheres, where it is adherent to the falx. 

The large globoid form occasions a notable 
compression of the neighboring regions of the 
brain (case 38). Generally speaking, angio- 
blastic meningioma is more invasive than the 
more frequently occurring, slower growing 
meningeal tumors. 


Microscopic Anatomy.—The morphology of 
angioblastic meningioma is similar to that of 
cerebellar angioblastoma. In occasional cases the 
microscopic structure may be identical (Bailey, 
Cushing and Eisenhardt '**). The meningeal 
tumor is composed of capillaries, cavernous 
spaces, proliferating endothelial cells or angio- 
blasts and embryonic vessels lined by neoplastic 
cells. The cytoplasm of the tumor cells may 
contain a few vacuoles, but the characteristic 
large pseudoxanthomatous cells are not promi- 
nent. Not infrequently, the angioblastic cells 
tend to become elongated and spindle shaped 
throughout extensive portions of the tumor. 
Evidence of rapid growth is usually present as 
demonstrated by numerous mitotic figures (cases 
36, 37 and 38). <A few examples exhibited a 
striking variation in the size and the shape of 
the tumor cells as well as numerous giant forms 
containing large bizarre hyperchromatic nuclei. 
Wolf and Cowen,''* Courville and Abbott 7° and 
others regarded this cellular variation to be 
indicative of high malignancy. 

Other variations in the morphologic structure 
may occur. Scattered areas may closely resemble 
mesenchymal tissue (case 36). Also there may 
be a tendency to whorl formation, often with 
production of psammoma bodies, suggesting that 
the lesion is true meningioma (Bergstrand and 
Olivecrona '**) ; however, these alterations might 
be attributed to independent inclusions of arach- 
noid (Wolf and Cowen ™*). Transitional lesions 
containing extensive areas of meningothelioma- 
tous structure have been described by Cushing 
and Eisenhardt *®> and Courville and Abbott.” 
When considering these transitional neoplasms, 
however, one must be cautious since a slight 
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angioblastic tendency is not infrequent in the 
more common types of meningioma. 

Many of the variations in the microscopic 
structure of this tumor type may be the result of 
proliferation of the stromal elements. Bailey 
and Ford** referred to this alteration as a 
“sclerosing change.” They felt that this sclerosing 
process accounted for the structural differences 
between the meningeal and the cerebellar angio- 
blastoma. 

Perdrau preparations demonstrate an abun- 
dance of reticulum throughout this tumor. The 
reticulum outlines the vessels and sends a net- 
work of branching processes into the inter- 
vascular regions. In those areas comprised of 
elongated fusiform cells the  intervascular 
branches may be absent, with reticulum being 
observed only around the vascular channels 
(case 37). 


ANGIOSARCOMA 


The term “angiosarcoma” is occasionally used 
to describe vascular tumors revealing histologic 
evidence of rapid growth (Ribbert **; Turner 
and Kernohan**). In a large number of cases 
primary sarcoma of the brain is highly vascular, 
with collections of tumor cells encircling the 
blood vessels. Such a structure has suggested 
the titles “perivascular sarcoma,’ “plexiform 
angiosarcoma” and “perithelial sarcoma” to 
Borst *** and others. This high degree of 
vascularity led Globus* to regard all the sar- 
comatous tumors as vascular lesions belonging 
to the group of neoplasms he entitled lepto- 
meningioma piale. However, in many cases 
primary sarcoma of the nervous system fails to 
show angioblastic activity with resultant em- 
bryonic vascular channels; therefore, it should 
not be considered to be a vascular neoplasm. 
The term “angiosarcoma” applies only to a 
rapidly growing mesodermal tumor of the ner- 
vous system presenting angioblastic structure. 

In general, an angioblastic tumor showing 
sufficient characteristics to be considered as 
angiosarcoma occurs as a meningeal rather than 
as an intracerebral or a cerebellar lesion (cases 
36, 37 and 38). Hence, if such a term were 
accepted, it would include essentially the entire 
group of tumors classifiable as angioblastic 
meningioma. However, a few tumors of the 
latter group which are free from any anatomic 
evidence of rapid growth would be excluded from 
the group described as vascular sarcoma. Thus, 
even though the angiosarcoma group would con- 
sist entirely of tumors classifiable as angioblastic 
meningioma, not all of the tumors classed as 
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meningeal angioblastoma would be included. In 
addition, structures on the borderline of cancer 
would be difficult to classify. If in the future 
angioblastic tumors of rapid growth are found 
within the cerebral parenchyma, they should be 
classified as angiosarcoma. 


ANGIOGLIOMA 


Introduction—The term “angioglioma” was 
introduced by Roussy and Oberling **° in 1930 
to designate a tumor comprised of adult vascular 
and glial elements. These authors expressed the 
opinion that this lesion was a neoplastic entity 
representing a transition between angioma and 
glioma. Only a few cases have been recorded in 
the literature, since this variety of tumor has not 
been generally accepted. Of the more than 700 
cerebral tumors histologically verified in the de- 
partments of neuropsychiatry and pathology of the 
University of Minnesota, only 1 revealed struc- 
ture suggestive of this type of lesion (table 11). 


TasBLe 11.—A Case of Angioglioma 








Case, 

Sex, Symptoms and Gross 

Age Findings Appearance Location 
39 Head injury, convulsive A diffusely infil- Right fron- 
M seizures, headache, in- trating firm and tal lobe 

25 yr.  tellectual failure, hal- rubbery tumor 


containing dis- 
seminated foci 
of calcification 


lucinations, increased 
intracranial pressure 
and roentgenograpbic 
evidence of calcification 
in right frontal region 





There are no diagnostic clinical features. The 
picture is that of a slowly growing tumor of the 
brain, the resultant symptoms and findings being 
appropriate for the region involved by the lesion. 

Gross Pathology—Angioglioma may occur as 
a nodular tumor attached to the wall of a cyst 
or as a poorly circumscribed solid type of lesion. 
The cystic variety presents. an appearance 
resembling astrocytoma except that it more fre- 
quently contains grossly visible areas of calcifica- 
tion (Bergstrand and his co-workers *). The 
solid variety is observed as a diffusely infiltrative 
lesion similar in appearance to astrocytoma. The 
cerebral structures involved by this noncystic 
tumor are firm and rubbery and exhibit small 
focal deposits of calcium (case 39). While any 
region may be involved by angioglioma, it most 
commonly is found in the cerebellum, where it 
occurs as a cystic tumor. In the cerebral hemi- 
spheres it generally assumes the appearance of a 
diffusely invasive lesion. Rare cases of multiple 
angioglioma have been reported (Wolff and 
Donat '*°). 
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PATHOLOGY 


Microscopic Anatomy.—Histologically, angio- 
glioma is composed of angiomatous and _ glial 
structures. The glial elements as a rule are 
represented by fibrous astrocytes which com- 
monly have produced heavy glial fibers (case 
39). At times there may occur an admixture 
of astrocytes and oligodendroglia. In a few 
instances the glial component assumes the struc- 
ture of spongioblastoma polare (Bergstrand and 
his associates *). In all cases small blood vessels 
representing the vascular component are abun- 
dantly disseminated throughout the neoplasm. 
The vessel walls are often thickened and _ in- 
filtrated by calcific granules. The noncalcified 
vessels possess thick hyalinized walls containing 
neither smooth muscle nor elastic tissue. These 
mural alterations occasion various degrees of 
luminal attenuation, including complete occlusion. 

This transitional form of tumor has been 
accepted as a nosologic entity by only a few 
authors and has been rejected by many. Bailey 
and Ford ** suggested that such a structure 
eventuated from the replacement of the original 
cellular elements in angioblastoma by prolifera- 
tion of its glial stroma. Turner and Kernohan,' 
however, preferred to regard it as angioma asso- 
ciated with a profound secondary glial reaction. 
It has also been suggested that this neoplasm 
merely represents a highly vascular form of 
glioma. However, if the vascular components 
are primary rather than secondary, angioglioma 
may well represent an entity. The occurrence 
of the typical anatomic structure of astrocytoma 
without any associated increase in vascularity in 
many areas throughout the tumor in the case 
tabulated here (39) suggests that angioglioma 
may represent merely a variation of astrocytoma 
rather than a distinct transitional form of neo- 
plasm. Although the validity of the term “angio- 
glioma” is questionable, I feel that the tumor 
which it designates should be included in studies 
of the vascular tumors until more material has 
been studied. 

COMMENT 


In a survey of the literature concerning the 
intracranial vascular tumors there was encoun- 
tered a striking diversity of opinion regarding 
these The conflicting nomenclature 
made an accurate identification of the discussed 
lesion difficult. However, from this mass of con- 
flicting opinions and titles, there has emerged a 
relatively clear concept of a few fundamental 
vascular processes, namely, those named angio- 
blastoma and telangiectasis. Many authors have 
attempted to establish a simple classification of 
the vascular lesions by dividing them into angio- 
blastoma, telangiectasis and angioma. The last 


lesions. 
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was supposed to be comprised of vessels of an 
adult type, but the details of its structural varia- 
tions were poorly understood since it was studied 
mainly from the clinical manifestations. Descrip- 
tions of lesions with this designation were gen- 
erally limited to what might be noted in a 
superficial inspection at operation since patho- 
logic studies were rarely made. In numerous 
cases, therefore, it was impossible to determine 
whether a lesion such as a racemose angioma 
involved only the surface of the brain or extended 
deeply into the cerebral substance. As a result 
of this paucity of anatomic studies, many differ- 
ent types of vascular lesions were confused; for 
example, Sturge-Weber disease was regarded in 
some cases as venous angioma. In addition, a 
large variety of vascular lesions were omitted 
from supposedly complete discussions on this 
subject. The large number of widely conflicting 
classifications of the vascular tumors evidence 
the confusion in the published literature. 

A careful morphologic study of the structure 
of the lesions in the cases tabulated in the fore- 
going pages permitted their being arranged into 
various groups according to their structure. The 
lesions in each of these groups possessed a 
definite type of structure, different from that 
of any of the other groups. Thus, each variety 
constituted a pathologic entity. In selecting the 
title for each type of lesion, a term consistent 
with the vascular structure as well as with the 
terms most widely used in the literature was 
favored. 

Before attempting a classification of the 
vascular tumors, it might be well to list the 
various forms of these lesions and indicate briefly 
the groups and the microscopic features which 
characterize them and which, in my opinion, 
make them separate and independent entities. 

I. Telangiectasis. 
1. A collection of dilated capillaries. 
2. The capillaries are separated by 

brain tissue. 


normal 


II. Rendu-Osler disease. 


1. Multiple telangiectasis of the skin, the mu- 
cous membranes and various internal organs. 


2. Only occasionally it involves the nervous 
system. 
III. Varix or varicosity. ’ 


1. One or several relatively large dilated ves- 

sels of regular contour. 

The vessels contain thin walls comprised of 

an endothelial lining and a layer of hyalin- 

ized connective tissue. 

3. Cerebral tissue separates the varicose ves- 
sels. 


nN 


4. The varix may be situated within the brain 
or the meninges. 

It may rupture to 
hemorrhage. 


intracerebral 


wn 


produce 





IV. 


VIL. 


VIII. 


XI. 


Sinus pericranii. 

1. A midline vascular tumor of the scalp or 
the forehead. 

2. It communicates with the superior sagittal 
sinus. 

3. Occasionally there may be an associated 
intracranial angiomatous lesion. 


. Cavernous angioma or cavernoma. 


1. Closely packed cavernous spaces, situated 
adjacent to one another without intervening 
neural tissue. 

2. The cavernous walls are thin, being com- 
posed of an endothelial lining and a layer of 
hyaline connective tissue. 


. Venous (racemose) angioma. 


1. A congeries of entangled vessels often ex- 
tending from the brain surface into the 
underlying parenchyma. 

2. The mural structure of most of the vessels 
resembles that of veins. 

3. The vessels are separated by degenerated 
parenchyma. 


Arteriovenous (racemose) angioma. 

1. Similar to venous angioma except that ves- 
sels resembling arteries are prominent. 

2. The walls of the arterial vessels are com- 
posed of a fairly well developed muscular 
media and an internal elastic membrane. 

Angiomatous meningioma. 

1. A plexus of enlarged vessels 
principally to the leptomeninges. 

2. The vessels consist of arteries, veins, caver- 
nous spaces or capillaries. 


restricted 


. Sturge-Weber disease. 


1. Atrophy and calcification of the cortex of a 
part or of all of one cerebral hemisphere. 

2. The involved cortex is often covered with 
an angiomatous meningioma. 

3. There may be a homolateral port wine nevus 
of the face. 

4. The atrophic cortex shows parenchymal 
devastation, glial repair and vascular cal- 
cification (no angioma). 


. Angioblastoma. 


1. It occurs most commonly in the cerebellum. 

2. It is often cystic (a nodule in a cyst wall). 

3. Structurally it consists of numerous capil- 
laries separated by proliferating cells, pro- 
ducing embryonic vascular spaces. 

4. There is an interlacing network of reticulum 
throughout the tumor. 


von Hippel-Lindau disease. 

1. Angioblastoma of both the retina and the 
nervous system (essential lesions). 

2. There are often associated visceral lesions, 


such as cystic disease of the kidney, the 
pancreas and the liver. 


. Angioblastic meningioma. 


1. It grossly resembles the more common types 
of meningioma. 

2. It is often 
growth. 

3. Morphologically it is similar to other forms 
of angioblastoma. 


invasive, manifesting rapid 
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XIII. Angioglioma ? 
1. A nodule in a cyst wall or a solid tumor. 
2. It contains visible calcium deposits. 
3. It is composed of glial and vascular elements. 
4. There are numerous thick-walled vessels, 
which are often calcified and are embedded 
in glial tissue (usually fibrous astrocytes). 
XIV. Arierial (racemose) angioma? 
1. A tangled collection of coiled vessels. 
2. All the vessels must display arterial struc- 
ture. 


Since a complete classification based on the 
different types of anatomic structure of vascular 
tumors or malformations has never been pub- 
lished, a comprehensive pathologic classification 
needed. The simple listing of the various 
pathologic forms of vascular lesions presented 
here is adequate if the same term is always 
applied to the same vascular picture regardless 
of the clinical features. There are a number of 
ways to arrange the various types of vascular 
tumors in forming a classification. They are 
all more or less acceptable if they are based on 
the different types of anatomic structure of the 

The. nosologic grouping which is the 
consistent with both the and 
the microscopic nature of these lesions no doubt 
would furnish the greatest contribution toward 
an understanding of the pathology of the vascular 
tumors. The results of the present study sug- 
gest that the following classification is more 
closely correlated with the types of vascular 
structure (gross and microscopic) than the other 
possible arrangements. 


1S 


lesions. 


most gross 


PATHOLOGIC CLASSIFICATION OF THE 
INTRACRANIAL VASCULAR TUMORS 
AND MALFORMATIONS 


I. Angiomatous lesions of adult vas- 


cular elements). 


(comprised 


1. Parenchymal angioma. 

(a) Telangiectasis (capillary lesion); Rendu- 
Osler disease. 
Parenchymal varix 
gle or multiple). 
Cavernous angioma or cavernoma. 
Venous (racemose) angioma. 
Arteriovenous (racemose) angioma. 
?Arterial (racemose) angioma. 


(b) or varicosity (sin- 
(c) 
(d) 
(e) 
(f) 

2. Meningeal angioma. 

(a) Angiomatous meningioma. 

(b) Meningeal varix or varicosity: leptomen- 
ingeal varix, dural varix, sinus pericranii 
associated with intracranial angioma(?). 

(c) Sturge-Weber disease associated with 

angioma of the meninges. 


PATHOLOGY 





II. Angioblastic lesions (comprised of embryonic vas- 
cular elements). 
1. Parenchymal angioblastoma. 
(a) Lindau’s disease (von Hippel-Lindau dis- 
ease). 
2. ?Angioglioma. 
III. Miscellaneous vascular lesions. 
1. Sinus pericranii that is mainly extracranial. 
2 ?Angioglioma. 2 
3. Sturge-Weber disease without angiomatous 
lesions. 


In this classification a majority of the vascular 
tumors are divided into two main groups accord- 
ing to definite distinctions in their actual 
anatomic structure. One includes lesions com- 
prised of blood vessels of an adult type and the 
other includes tumors composed of embryonic 
vascular elements. The third group is reserved 
for a few remaining conditions not definitely 
belonging in the foregoing sections. Then the 
two main groups are again divided into lesions 
of the meninges and lesions of the brain paren- 
chyma. Lesions implicating both the meninges 
and the cerebral tissue are considered as paren- 
chymal lesions since the extent of the neural 
involvement greatly outweighs the meningeal in 
significance. These steps are readily apparent 
except in a few instances, which are indicated 
by question marks. Sinus pericranii is classified 
in two different ways since it appears to be 
mainly extracranial in some cases and intra- 
cranial in others. Sturge-Weber disease when 
associated with angioma of the meninges is 
placed with the other angiomatous tumors of 
the meninges while Sturge-Weber disease with- 
out such vascular involvement is regarded as a 
miscellaneous or related condition. The tumors 
that have been called angiosarcoma are not given 
a separate heading since they all seem to be 
classifiable as angioblastic meningioma 
section entitled “Angiosarcoma,” page 54). 

This classification is submitted with the hope 
of stimulating a greater consideration of the 
pathologic structure in further investigations of 
the intracranial vascular lesions, thereby in- 


(see 


creasing understanding of the relationship 
between their clinical and their pathologic 
aspects. Only if the basic pathologic character 


is kept in mind will a clearer conception of the 
correlation between the clinical, the physiologic 
and the morphologic features of these lesions 
eventuate. Moreover, there is little doubt that 
continued inquiries of this kind will increase the 
ability of physicians to predict the structure of a 
vascular lesion from its clinical picture. 
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Book Reviews 


A Symposium on Mammary Tumors in Mice. 
Publication of the American Association for the 
Advancement of Science no. 22. By Members of 
the Staff of the National Cancer Institute, National 
Institute of Health, United States Public Health 
Service. Edited by Forest Ray Moulton. Pp. 223, 
illustrated. Washington, D. C., 25; American Asso- 
ciation for the Advancement of Science, 1945. 


The Symposium consists of twelve papers contributed 
by ten members of the staff of the National Cancer 
Institute who have been engaged over several years in 
the study of tumors of the breast as these develop spon- 
taneously or are induced experimentally in mice belong- 
ing to various highly inbred strains. The contributors, 
who write with the authority derived from a prolonged 
study of the various problems, have succeeded in their 
object, which, as stated by M. B. Shimkin in a “General 
arid Historical Introduction,” is “an attempt to collect, 
to evaluate and to synthetize so far as possible informa- 
tion concerning a specific neoplasm in a specific species 
of mammal. The major purpose of the symposium is 
to acquaint the workers in cancer research and those 
more casually interested in the field with the advances 
made in this problem 7 

The first group, consisting of four papers, is concerned 
with the morphology of the murine mamma and of its 
epithelial short paper entitled “The 
Cytology of Tumors” by A. J. Dalton 
describes mainly the Golgi apparatus. A-~-second paper 
by the same author entitled “Histogenesis of the Mam- 
mary Gland of the Mouse” describes the reaction of the 
gland to such as diet, hormones, 
pregnancy and lactation, as determined by studying the 
gland in whole mounts. A third short paper, on the 
vascular supply of the carcinoma of the mammary gland, 
by G. H. Algire and H. W. Chalkley is essentially an 
account of a technic for studying the vascular supply 
of this neoplasm when it develops either spontaneously 
or after transplantation. These three papers do not 
quite conform to the plan of the book since, interesting 
though they are, they are essentially accounts of original 
studies in limited fields. The fourth paper, however, 
entitled “Morphology and Histogenesis of Mammary 
Tumors,” by T. B. Dunn gives a comprehensive account 
of the subject. Of particular interest is the comparison 
of the morphologic characters of spontaneous mammary 
tumors developing in inbred strains with the descriptions 
by the earlier workers who examined the spontaneous 
neoplasms arising in the mammae of mice of mixed 
parentage. The four papers are illustrated by excellent 
photomicrographs. 


neoplasms. <A 
Mammary 


various conditions, 


The next group, consisting of three papers, relates to 
W. E. 
the genetics of mammary 
tumors records in detail the history and the character 
of the various inbred strains that have been developed, 
and discusses some of the results obtained from a study 
strains. This systematic treatise in which a 
worker intimately familiar with the subject has brought 
together all the relevant data scattered through the 
literature will be welcomed by all who are engaged in 
the experimental study of cancer. 


the causes of mammary cancer in inbred mice. 
Heston’s contribution on 


of these 


It is accompanied 


by a bibliography comprising nearly two hundred refer- 
ences. The statement on page 56 that “different types 
of tumors are inherited as separate characters” reads 
like a lapse of the pen. Are tumors inherited? Does it 
not mean that the various organs inherit a suscepti- 
bility to the development of neoplasms as separate 
factors? It might have been added here that the recog- 
nition of the limitation of an inherited susceptibility to 
one particular organ enabled Waaler, in Norway, and 
Wassink, in Holland, to reveal the existence in man of 
inherited factors in the causation of cancer of the breast. 

The complex and fascinating story of the discovery 
of the so-called milk factor is fully and clearly told in 
a review of H. B. Andervont. Although the existence 
of this factor was recognized only ten years ago, no 
less than one hundred papers are quoted in the bibli- 
ography. The term “milk factor” seems now to have 
been replaced by the term “milk influence,” and so 
one comes on a section with the curious title “Physical 
and Chemical Properties of the Milk Influence.” From 
the evidence available at present Andervont argues that 
the milk influence suggests the action of an agent “be- 
longing or related to the viruses.” While indicating 
the similarities between the milk influence and the 
viruses, he recognizes the long latent period of the milk 
influence as a dissimilarity. 

The discovery of the milk influence as a decisive 
factor in the causation of mammary cancer has greatly 
diminished the significance of the part formerly attrib- 
uted to the estrogenic hormone. It appears now that 
this hormone is concerned mainly with building up 
mammary gland tissue on which the milk influence can 
act. But there is the apparent paradox that the de- 
velopment of cancers in other organs, e. g., the uterine 
cervix, in response to this hormone is not dependent on 
the milk influence. Even in the mamma itself cancer 
can be induced in the absence of the milk influence by 
the local application of chemical carcinogens such as 
methylcholanthrene. This complex subject is clearly 
set out in a paper by M. B. Shimkin entitled “Hormones 
and Mammary Cancer in Mice.” But the significance 
ot the fact that there are two different etiologic types 
ot mammary cancer in mice should have received more 
emphasis than is given to it in this account or in the 
final paper by Shimkin. There arises now the question 
to which etiologic type the mammary cancer belongs 
that develops in mice of mixed parentage. This could 
be determined by testing for the presence or the absence 
of the milk influence in such mice. The mice of mixed 
parentage reproduce more closely the conJitions respon- 
sible for the development of cancer of the breast in 
women than highly inbred mice. The fact that in 
inbred strains multiple mammary cancers are much 
more frequent than in mice of mixed parentage is an 
indication that such etiologic differences exist. 

The degree to which the development of mammary 
tumors and their subsequent growth can be influenced 
by such environmental factors as diet, aging and climatic 
conditions is discussed by H. P. Morris. Some ex- 
travagant statements have been made in the literature 
concerning the influence of diet, but the author has 
succeeded in separating the grain from the chaff. In 
addition to a detailed account of the effect of diet on 
the development and on the growth of cancer this sec- 


417 








418 ARCHIVES 
tion provides a variety of interesting and valuable data 
which hitherto were scattered through the literature. 
An example is the frequency with which synchronous 
multiple mammary carcinoma is found in mice of mixed 
parentage and in mice belonging to inbred strains. 
Thus, in the early work of Haaland in mice of mixed 
parentage 17 per cent of the cancerous mice had mul- 
tiple carcinoma, while in the more recent observations 
on two different inbred strains multiple carcinoma 
was found in 66 and 61.5 per cent of all cancerous mice. 

The relation between age and the incidence of mam- 
mary cancer in inbred strains receives detailed treatment 
in which a clear distinction is made between the crude 
data (the number of deaths from cancer at different 
ages) and the death rates calculated from these data. 
The irregularities appearing in the older age groups 
are due to the small number of animals alive in those 
groups and also to the shortness of the age periods, 
single months, into which the normal span of life of 
the mouse has been divided in this paper. In cancer 
statistics applying to man age periods of ten years are 
used as a rule. These correspond to periods of three 
months in the shorter life span of the mouse. If the 
mortality rates per thousand were recalculated for three 
monthly periods the results obtained would resemble 
even more closely the conditions existing in man, 
namely, an increase which is progressively rapid. 

In the chapter on the chemistry of mammary tumors, 
J. P. Greenstein has succeeded in condensing a vast 
amount of information into six pages of text, an achieve- 
ment that will be welcomed by nonchemists. In addition 
te the chemistry of the tumors, information is given on 
the chemistry of the tissues of tumor-bearing animals 
and on different strains of mice. The surprising fact 
emerges that the degree of activity of one ferment, the 
serum esterase, which shows considerable differences 
between various strains, can be altered by foster nurs- 
ing, so that the fostered mice have an activity resembling 
that of the strains to which the foster mother belongs. 
Greenstein summarizes the results of these investiga- 
tions in the generalization that the end results of all 
forms of neoplastic growth are tissues which are chemi- 
cally similar. Enzymatically tumors resemble one 
another more than they resemble normal tissues and 
more than normal tissues resemble one another. 

The experimental work on the therapy of cancer, so 
far as it has been studied on mammary cancer of mice, 
is critically reviewed by H. M. Ryer. It is surprising 
to find that no less than 800 substances of various kinds 
have been tested for their therapeutic effect. Most of 
these have yielded completely negative results, but in 
spite of this melancholy fact the paper, which must 
have entailed a laborious search through the literature, 
makes interesting reading. The data are summarized in 
a tabular form most useful for purposes of reference. 

The Symposium ends with a paper by M. B. Shimkin 
entitled “Conclusions—Including Discussion of the Pos- 
sible Implications for Man.” It sums up clearly and 
succinctly the results that have been obtained from a 
study of cancer of the breast in inbred strains of mice. 
But when the writer passes on to a discussion of their 
implications he goes sadly astray. He states (page 220) : 
“Tt is plain that the designations of ‘benign,’ ‘precancer- 
ous’ or ‘malignant’ are clinical terms necessary for 
pragmatic purposes of selecting a therapeutic procedure 
and establishing prognosis but not applicable to ex- 
perimental work.” ; 

I cannot find either in the Symposium or in the ex- 
perimental work on cancer as this is known to me 
anything that would justify this extravagant, one might 





OF PATHOLOGY 


almost call it reckless, statement. If it refers to the 
inability to demonstate a clearcut morphologic difference 
between cancerous cells and noncancerous cells or be- 
tween precancerous and nonprecancercus conditions, it 
refers to difficulties long recognized by pathologists. 
B. Bloch, who was both a clinician and a pioneer in 
the experimental study of carcinogenesis and whose 
work helped to establish the conception of precancer, 
emphasized the fact that there may be no morphologic 
distinction between a precancerous hyperplasia and a 
nonprecancerous hyperplasia. Cancer cells betray their 
presence by their biologic activity, namely, their power 
of autonomous invasive growth. What the experimental 
work in cancer has accomplished is the demonstration 
that this power is possessed only by cancer cells and 
not by cells present in hyperplastic or precancerous 
tissues. I find it difficult to believe that Dr. Shimkin 
wants pathologists to discard the conception of auton- 
omous invasive growth as representing the essential 
nature of cancer. Nor should pathologists ignore the 
vast amount of work on human cancer that has made 
it possible to establish correlations between the mor- 
phologic appearances and the biologic behavior of a 
tumor. Whatever the meaning of the sentence quoted 
may be, it is unfortunately phrased. 

On page 214, attention is dawn to the fallacy of 
assuming that statistical correlation implies causal or 
other direct connection. The fallacy is cleverly illus- 
trated by the wearing of skirts, which “would undoubt- 
edly correlate strongly with the occurrence of mammary 
cancer, yet has no possible direct significance in the 
etiology of such tumors.” On the very next page, how- 
ever, reference is made to the statistical correlation be- 
tween the increase in age and the increase of incidence 
of mammary cancer, and it is argued, “Age in itself 
therefore is a predisposing factor in mammary cancer 
in man.” This view was generally held until the dis- 
covery of experimental carcinogenesis made it possible 
to test its validity. When young and old mice were 
subjected to the experimental test, the alleged greater 
susceptibility failed to manifest itself. The susceptibility 
was either the same for both or higher in the young 
animals. 

As a general proposition the explanation of the higher 
incidence of cancer with increasing age must therefore 
be abandoned. How, then, can this feature of cancer 
be explained? One’ factor which contributes to this 
phenomenon is the long period of induction of cancer, 
which becomes increasingly ‘prolonged as the strength 
of the carcinogenic stimulus is diminished. This point 
is of more than academic interest. One cannot escape 
from old age, but it is possible to prolong the period 
of induction. That makes it possible to push the onset 
of cancer more and more into the older age groups. 
Such a result, which may be described as a halfway 
house to the prevention of cancer, would constitute a 
great advance in the control of the disease. But its 
possibility is not likely to be recognized so long as old 
age is in itself considered to be an etiologic factor. 

Since in the experimental investigation of cancer the 
mamma of the mouse has been used exclusively as a 
test object, this book with its collection and ordered 
presentation of so many relevant data is likely to exert 
considerable influence on oncologic thought. It is a 
“must” for every cancer worker and a “should” for 
every pathologist and clinician who wants to keep 
abreast of the rapid advances in knowledge of the 
biology of cancer. This detailed, if in parts critical, 
review is a sincere tribute to its importance. 
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Subject entries are made for all articles. Author 
entries are made for original articles. Book Reviews 
and Obituaries are indexed under these headings in 
~~, order under the letters B and O, respec- 
tively. 


Abdomen: See Gastrointestinal Tract; etc. 

Abnormalities and Deformities: See Monsters; and 
under names of organs and regions, as Aorta; 
Cranium ; etc. 

Abortion, effects of abortifacient paste (‘‘utra-jel’’) ; 
report of death from its use and of experimental 
study of its effects on rabbits and rats, 91 

Abscess: See under names of organs and regions 

Acacia atheromatosis, 121 

Acid, Amino: See Amino Acids 

Adenocarcinoma, changes in uterus after eradication 
of endometrial adenocarcinoma by radiotherapy 
with reference to infarct-like radionecrotic plaque 
in lining, 237 

Adenoma; adrenal cortical adenoma of epididymis, 
336 


of hypophysis, 343 
Adenomyoepithelioma (cylindroma) of palatal mucous 
glands, 96 
Adipose Tissue: See Fat 
Adrenals, adrenal cortical adenoma of epididymis, 
336 


morbid anatomy of typhus as seen in _ recent 
Guatemalan epidemic; observations on disease, 
226 
Agranulocytosis, acute; microscopic study of ulcero- 
necrotic gingiva and of bone marrow in case, 
369 


Alcohol, polyvinyl alcohol atheromatosis, 118 
Amino Acids, morphologic studies of rats deprived of 
essential amino acids; phenylalanine, 294 
Amyloidosis, 207 
primary systemic, 315 
Anaphylaxis and Allergy: See also Asthma; etc. 
inflammatory vascular reactions; allergy, 209 
pathology of anaphylaxis due to sulfonamide drugs, 
301 
Anday, G. J.: Acute agranulocytosis; microscopic 
study of ulceronecrotic gingiva and of bone 
marrow in case, 369 
Aneurysm, periarteritis nodosa producing aneurysm 
of renal artery and hypertension, 274 
Angina, Agranulocytic: See Agranulocytosis 
Angioblastoma, cerebellar, 408 
Angioglioma, 414 
Angioma, angiomatous meningioma, 406 
arterial (racemosum), 404 
arteriovenous, 404 
cavernous, 401 
Lindau’s (von Hippel’s) disease, 411 
Sturge-Weber disease, 407 
venous, 403 
Angiosarcoma, 4153 
Anoxemia: See Blood, oxygen 
Antibodies: See Antigens and Antibodies 
Antigens and Antibodies: See also Lipoids;: and 
under specific antigens and reactions 
studies on pathogenesis of glomerulonephritis; pro- 
duction of autoantibodies to kidney in experi- 
mental animals, 148 
Antiserum: See under names of various diseases 
Aorta, abnormalities in dogs used for experimental 
purposes, 375 
Aneurysm: See under Aneurysm 
coarctation with local hydrostatic hypertension, 
56 
ossified cartilage with myeloid fat marrow in aortic 
ring of rabbit, 89 
Appointments, 66, 131, 280, 350 
Arteries : See also Aneurysm; Aorta; Arteriosclerosis ; 
Blood pressure; Periarteritis; etc. 
Hypertension: See Blood pressure, high 
inflammation; temporal arteritis, 211 


Arteries—Continued 
Renal: See under Kidneys 
theory of transposition of arterial trunks based 
on phylogenetic and ontogenetic development of 
heart, 172 
Arteriosclerosis, 51, 117, 187 
acacia atheromatosis, 121 
aortic abnormalities in dogs used for experimental 
purposes, 375 
attempts to produce cerebral atherosclerosis, 16 
colloidal plasmatic disturbances; carbohydratic 
type, 117 
— plasmatic disturbances; lipoidal type, 
1 


coronary, and myocardial infarction as studied by 
injection technic, 268 

correlation between chemical and morphologic 
alterations in experimental atherosclerosis, 11 

excessive intake of cholesterol, 187 

glycogenic vascular reactions, 121 

methyl cellulose atheromatosis, 120 

pectin atheromatosis, 121 

polyvinyl alcohol atheromatosis, 118 

preventive and therapeutic aspects, 214 

sclerosis of pulmonary artery and its branches, 


58 
Arteritis: See Arteries, inflammation 
Ashburn, L. L.: Experimental Haplosporangium in- 
fection, 3 
Tularemia; report of laboratory infection fatal on 
fifth day with early pulmonary involvement; 
autopsy, 388 
Asthma: See also Anaphylaxis and Allergy 
bronchial, and tuberculosis, 338 
Atheroma: See Arteriosclerosis 
Atheromatosis: See Arteriosclerosis 
Atherosclerosis: See Arteriosclerosis 
Atrophy: See under names of organs and regions 
Awards, 66, 350 


Bacteria: See under Streptococci; etc. 
Tularense: See Tularemia 
Batehelor, T. M.: Congenital glycogenic tumors of 
heart, 67 
Bauer, W. H.: Adenomyoepithelioma (cylindroma) 
of palatal mucous glands, 96 
Baumann, E. J.: Periarteritis nodosa-like lesions in 
rats fed thiouracil, 325 
Bile. Ducts, cholesterol and biliary obstruction, 127 
Bilharziasis: See Schistosomiasis 
Biliary Tract: See Bile Ducts; Liver 
Black-Schaffer, B.: Pathology of anaphylaxis due 
to sulfonamide drugs, 301 
Blood: See also Hemoglobin and Hemoglobin Com- 
pounds 
colloidal plasmatic disturbances; proteinic type, 
205 
correlation between chemical and morphologic 
alterations in experimental atherosclerosis, 11 
Diseases: See Anemia; etc. 
oxygen; anoxemia theory, 51, 117, 187 
oxygen; hematic anoxemia, 213 
pressure, high; experimental hypertension; its 
production in dogs by intravenous injection of 
streptococci, 81 
pressure, high; general hydrostatic hypertension 
or plethora, 55 
pressure, high; local hydrostatic hypertension in 
arteriovenous fistula, 55 
pressure, high; local hydrostatic hypertension ; 
physical labor and _ static and gravitational 
factors, 56 
pressure, high; local hydrostatic hypertension with 
coarctation of aorta, 56 
pressure, high; periarteritis nodosa producing 
aneurysm of renal artery and hypertension, 
274 


Vessels: See Arteries; Periarteritis; etc. 
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Bones: See also under names of bones 

combined effects of estrogen and anterior 
hypophysial extract on skeleton of growing 
mouse, 381 

marrow; acute agranulocytosis; microscopic study 
of ulceronecrotic gingiva and of bone marrow in 
case, 369 

marrow ; ossified cartilage with myeloid fat marrow 
in aortic ring of rabbit, 89 


Boox Reviews: 

Atlas of Blood in Children; K. D. Blackfan and 
L. K. Diamond, 66 

Avitaminoses: Chemical, Clinical and Pathological 
Aspects of Vitamin Deficiency Diseases; W. H. 
Eddy and G. Dalldorf, 219 

Biological Basis of Individuality; L. Loeb, 217 

Bronchial Asthma; L. Unger, 350 

Lead Poisoning; A. Cantarow and M. Trumper, 
220 


Pathology of Internal Diseases; W. Boyd, 219 

Spina Bifida and Cranium Bifidum: Papers Re- 
printed from New England Journal of Medicine 
with Addition of Comprehensive Bibliography, 
from Department of Surgery of Children’s Hos- 
pital, Boston, and Harvard Medical School; 
F. D. Ingraham, 220 

Symposium on Mammary Tumors in Mice; edited 
by F. R. Moulton, 417 

Textbook of Pathology; R. A. Moore, 218 

Trauma in Internal Diseases, with Consideration of 
Experimental Pathology and Medicolegal Aspects ; 
R. A. Stern, 350 


Books received, 220, 280, 392 
Brain: See also Cerebellum; Meninges; Nervous 
System ; etc. 
attempts to produce cerebral atherosclerosis, 16 
cerebral varix, 399 
diffuse meningeal fibroblastoma of brain and spinal 
cord; report of 3 cases, 287 
paraphysial cyst of third ventricle, 184 
Brandes, W. W.: Presacral cyst apparently arising 
from neurenteric canal in newborn infant, 265 
Breast, mammary neoplasms in dogs, 169 
Bright’s Disease: See Nephritis . 
Bronchi, cysts, 155 
two cases of congenital web of bronchus, 47 


Cahill, W. M.: Morphologic studies of rats deprived 
of essential amino acids; phenylalanine, 294 
Cancer: See Adenocarcinoma; Sarcoma; Tumors; 
etc.; and under names of organs and regions, 
as Esophagus; Liver; Thyroid; etc. 

Canines: See Dogs 

Carbohydrates: See also Glycogen; etc. 

colloidal plasmatic disturbances; carbohydratic 

type, 117 

Carbon Disulfide and hydrogen sulfide poisoning, 
130 


Cardiovascular System: See Arteries; Heart; etc. 
Cares, R.: Mediastinal teratoma, 113 
Cartilage, ossified, with myeloid fat marrow in aortic 
ring of rabbit, 89 
Cattle, poikilocytosis in dairy cattle, 351 
Cavelti, E. S.: Studies on pathogenesis of glomerulo- 
nephritis; production of autoantibodies to kidney 
in experimental animals, 148 
Cavelti, P. A.: Studies on pathogenesis of glomerulo- 
nephritis; production of autoantibodies to kidney 
in experimental animals, 148 
Cells, adenomyoepithelioma (cylindroma) of palatal 
mucous glands, 96 
proliferation of muscle cells in myometrium of non- 
pregnant uterus, 323 
Cellulose ; methyl cellulose atheromatosis, 120 
Cerebellum, angioblastoma, 408 
Cervix: See Uterus 
Chemotherapy: See under names of diseases and 
chemotherapeutic agents 
China and Chinese, role of schistosomiasis in etiology 
of cancer of liver in Chinese, 1 
Cholesterol and biliary obstruction, 127 
attempts to produce cerebral atherosclerosis, 16 
carbon disulfide and hydrogen sulfide poisoning, 
130 
chronic renal disease and hypercholesteremia, 130 
colloidal plasmatic disturbances ; lipoidal type, 122 
correlation between chemical and morphologic 
alterations in experimental atherosclerosis, 11 


VOLUME 39 


Cholesterol—Continued 
excessive intake of, 187 
hypercholesteremia and diabetes mellitus, 128 
ae and tuberous xanthomatosis, 
127 


‘ 
hypothyroidism, 128 
physical labor and hypercholesteremia, 131 
saponin poisoning and hypercholesteremia, 131 
Christian-Weber Disease: See Panniculitis 
Chromosomes, genetic analysis of induction of tumors 
by methylcholanthrene; 2 mutations arising in 
mice following injection of methylcholanthrene, 
Coccidioidomycosis, experimental Haplosporangium in- 
fection, 3 
Colon: See Gastrointestinal Tract; Intestines 
Corpora Amylacea: See Amyloidosis 
Craniopharyngioma of hypophysis, 346 
Cranium, intracranial vascular tumors and malforma- 
tions, 393 
sinus pericranii, 401 
Cylindroma, adenomyoepithelioma (cylindroma) of 
palatal mucous glands, 96 
Cysts: See under names of organs and regions, as 
Brain; Bronchi; Esophagus; Intestines; Medias- 
tinum ; Stomach; etc. 
Dermoid: See under Tumors 
Cytology: See Cells 


Davis, R. M.: Morphologic studies of rats deprived 
of essential amino acids; phenylalanine, 294 
Death, effects of abortifacient paste (‘‘utra-jel’’) ; 
report of death from its use and of experimental 
study of its effects on rabbits and rats, 91 

Degeneration, Amyloid: See Amyloidosis 

De Nosaquo, N.: Effects of abortifacient paste 
(“utra-jel”) ; report of death from its use and 
of experimental study of its effects on rabbits 
and rats, 91 

Diabetes Mellitus and hypercholesteremia, 128 

Dick, G. F.: Experimental hypertension; its produc- 
tion in dogs by intravenous injection of strepto- 
cocci, 

Dogs, aortic abnormalities in dogs used for experi- 
mental purposes, 375 

some endocrinologic considerations of canine neo- 

plastic diseases, 162 

Ductless Glands: See Endocrine Glands 

Duncan, C. W.: Poikilocytosis in dairy cattle, 351 

Dunn, R. C.: New hemoglobin stain for histologic 
use; slightly modified Van Gieson stain, 49 


Eckhardt, R. E.: Myelomalacia of cervical portion 
of spinal cord, probably result of roentgen ther- 
apy, 109 

Edema: See under names of organs and regions 

Electricity, pancreatic necrosis in electric shock, 9 

Emmons, C. W.: Experimental Haplosporangium in- 
fection, 3 

Phialophora jeanselmei comb. n. from mycetoma 
of hand, 364 

Endocardium: See Heart 

Endocrine Glands, neoplasms of other endocrine 
glands, 167 

some endocrinologic considerations of canine neo- 
plastic diseases, 162 

Endometrium, changes in uterus after eradication of 
endometrial adenocarcinoma by radiotherapy with 
reference to infarct-like radionecrotic plaque in 
lining, 237 

Enteritis: See under Intestines 

Epidermis: See Skin 

Epididymis, adrenal cortical adenoma of, 336 

Erythrocytes: See Anemia; Blood; Hemoglobin and 
Hemoglobin Compounds; etc. 

Esophagus, carcinoma in British West Indian and 
Panamanian Negroes; study of incidence, etio- 
logic factors and pathologic anatomy in 50 cases, 


cysts, 158 

Estradiol Benzoate: See Estrogens 

Estrogens, combined effects of estrogen and anterior 
hypophysial extract on skeleton of growing 
mouse, 381 

Evolution, theory of transposition of arterial trunks 
based on phylogenetic and ontogenetic develop- 
ment of heart, 172 
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Fat: See also Lipoids 
ossified cartilage with myeloid fat marrow in aortic 
ring of rabbit, 89 
Felix-Weil Reaction: See Typhus 
Fellowships, 350 
Fernan-Nunez, Marcos, resignation from Marquette 
University, 280 
Fever: See also Typhus; etc. 
chemical basis of fever with inflammation, 28 
Therapy: See under names of diseases 
Fibroblastoma, diffuse meningeal fibroblastoma of 
brain and spinal cord; report of 3 cases, 287 
Filum Terminale: See Spinal Cord 
Fistula, arteriovenous, local hydrostatic hypertension 
in, 55 
Fite, G. L.: Classification of tumors of kidney, 37 
Fox, R. A.: Adenomyoepithelioma (cylindroma) of 
palatal mucous glands, 96 
Freeman, A.: Adrenal cortical adenoma of epi- 
didymis, 336 
Friedman, N. B.: Fatal panniculitis, 42 
Fungi, experimental Haplosporangium infection, 3 
experimental reproduction of maduromycotic lesions 
in rabbits, 358 
Phialophora jeanselmei comb. n. from mycetoma 
of hand, 364 


Gangtion: See also Nervous System; Neurons 
nodosum ; histologic diagnosis of rabies, 279 
Gastrointestinal Tract: See also Intestines; Stom- 
ach; etc. 
gastroenteric cysts, 158 
Genetics: See Chromosomes 
Genitals: See also under names of genitals 
neoplasms of female genital tract, 167 
neoplasms of male genital tract, 165 
Gingivitis: See Gums 
Glazer, A. M.: Pancreatic necrosis in electric shock, 
9 
Glioma, morphologic alterations of neuron due to 
tumor invasion, 221 
Glomerulonephritis: See Nephritis 
Glycogen ; congenital glycogenic tumors of heart, 67 
glycogenic vascular reactions, 121 
Golden, A.: Morbid anatomy of typhus as seen in 
recent Guatemalan epidemic; observations on 
disease, 226 
Gotwals, J. E.: 
cases, 142 
Grants, 131 
Granulocytopenia: See Agranulocytosis 
Granuloma, Coccidioidal: See Coccidioidomycosis 
experimental Haplosporangium infection, 3 
Gums, acute agranulocytosis; microscopic study of 
ulceronecrotic gingiva and of bone marrow in 
case, 369 
Gurley, H.: Experimental nephropathies; renal phos- 
phatase after poisoning with mercury bichloride, 
uranyl nitrate and potassium dichromate, 133 


Ischiopagus tripus; report of 2 


Hand, Phialophora jeanselmei comb. n. from 
mycetoma of, 364 
Haplosporangium: See Fungi 
Hartz, P. H.: Proliferation of muscle cells in 
myometrium of nonpregnant uterus, 323 
Role of schistosomiasis in etiology of cancer of 
liver in Chinese, 1 ° 
Hay Fever: See Anaphylaxis and Allergy 
Haythorn, S. R.: Diffuse meningeal fibroblastoma of 
brain and spinal cord; report of 3 cases, 287 
Heart: See also Pericarditis; Pericardium 
congenital glycogenic tumors of, 67 
coronary arteriosclerosis and myocardial infarction 
as studied by injection technic, 268 
primary systemic amyloidosis, 315 
primary tumor of, 74 
theory of transposition of arterial trunks based on 
phylogenetic and entogenetic development of, 
9 


Hemoglobin and Hemoglobin Compounds: See also 

Anemia; Blood 
new hemoglobin stain for histologic use; slightly 

modified Van Gieson stain, 49 

Hepatic Duct: See Bile Ducts 

Hepatitis: See Liver 

Hepler, 0. E.: Experimental nephropathies; method 
of producing controlled selective injury of renal 
units by means of chemical agents, 103 
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Hepler, 0. E.—Continued 
Experimental nephropathies; renal phosphatase 
after poisoning with mercury bichloride, uranyl 
nitrate and potassium dichromate, 133 
—— P. A.: Bronchial asthma and tuberculosis, 
38 


Melanoma of small intestine, 22 ‘ 
Periarteritis nodosa producing aneurysm of renal 
artery and hypertension, 274 
Heredity, genetic analysis of induction of tumors 
by methylcholanthrene; 2 mutations arising in 
mice following injection of methylcholanthrene, 
232 5 
Herzog, E.: Histologic diagnosis of rabies, 279 
von Hippel’s Disease: See Angioma; Retina 
Hirsch, E. Chronic exudative and indurative 
pneumonia dve to inhalation of shellac, 281 
Holyoke, J. B.: Coronary arteriosclerosis and myo- 
cardial infarction as studied by injection technic, 
268 


Hormones: See Endocrine Glands; Estrogens; Pitu- 
itary Preparations; etc. 

Hueper, W. C.: Aortic abnormalities in dogs used 
for experimental purposes, 375 

Arteriosclerosis, 51, 117, 187 
Ossified cartilage with myeloid fat marrow in aortic 

ring of rabbit, 89 

Huffman, C. F.: Poikilocytosis in dairy cattle, 351 

Hyalinosis; noninflammatory vascular reactions, 206 

Hydrogen Sulfide, carbon disulfide and hydrogen 
sulfide poisoning, 130 

Hydrophobia: See Rabies 

Hypercholesteremia: See under Cholesterol 

Hyperergy: See Anaphylaxis and Allergy 

Hyperpyrexia: See Fever 

Hypertension: See Blood pressure, high 

Hyperthermia: See Fever 

Hypertonia: See Blood pressure, high 

Hypophysis: See Pituitary Body e 

Hypothyroidism: See under Thyroid 


ileum: See under Intestines 

Immunity: See Anaphylaxis and Allergy; Antigens 
and Antibodies ; etc. 

Indexes, importance of titles that accurately reflect 
subjects of articles, 132 

Industrial Diseases, chronic exudative and indurative 
pneumonia due to inhalation of shellac, 281 

Infants, Newborn: See Newborn Infants 

Infarction: See Heart 

Infection: See under names of bacteria, as Strepto- 
cocci; etc. 

Inflammation, chemical basis of fever with inflamma- 
tion, 28 

Injections, coronary arteriosclerosis and myocardial 
infarction as studied by injection technic, 268 

Internal Secretions: See Endocrine Glands 

Intestines: See also Gastrointestinal Tract 

enteric cysts, 159 
melanoma of small intestine, 22 

Intranuclear Inclusions: See under Cells 

Irradiation: See under names of diseases and organs 

Ischiopagus Tripus: See Monsters 

Islands of Langerhans: See Pancreas 


Jejunum: See Intestines 


Kidneys, Diseases: See also Nephritis 
diseases; chronic renal disease and hypercholes- 
teremia, 130 
experimental hypertension; its production in dogs 
by intravenous injection of streptococci, 81 
experimental nephropathies; method of producing 
controlled selective injury of renal units by 
means of chemical agents, 103 
experimental nephropathies; renal phosphatase 
after poisoning with mercury bichloride, uranyl 
nitrate and potassium dichromate, 133 
periarteritis nodosa producing aneurysm of renal 
artery and hypertension, 274 
studies on pathogenesis of glomerulonephritis; pro- 
duction of autoantibodies to kidney in experi- 
mental animals, 148 
tumors, classification of, 37 
Knorp, W. F.: Primary systemic amyloidosis, 315 
Koessler, Jessie Horton, Fellowship, 350 
Kraus, J. E.: Neoplastic diseases of human hypophy- 
sis, 343 
Kussmaul-Maler Disease: See Periarteritis nodosa 
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Laipply, T. C.: 

tinum, 153 
Langerhans’ Islands: 
Lev, M.: 


Cysts and cystic tumors of medias- 


See Pancreas 
Theory of transposition of arterial trunks 


based on phylogenetic and ontogenetic develop- 
ment of heart, 172 
Lindau’s Diseage: See Angioma; Retina 
Lindsay, S.: Primary systemic amyloidosis, 315 
Lipids: See Fat; Lipoids 
Lipoids: See also Cholesterol; Fat; etc 


colloidal plasmatic disturbances; lipoidal type, 
122 


Literature, importance of titles that accurately reflect 
subjects of articles, 132 
Liver, cancer, role of schistosomiasis in 
in Chinese, 1 
Lungs, experimental Haplosporangium infection, 3 
latent primary carcinoma of thyroid gland, 331 


etiology 


tularemia; report of laboratory infection fatal on 
fifth day with early pulmonary involvement; 
autopsy, 388 
Lymphangioma, cystic, 159 


Madura Foot: See Mycetoma 


Maduromycosis: See Mycetoma 
Maier-Kussmaul Disease: See Periarteritis nodosa 
Malformations: See Monsters; and under names of 


organs and regions 
Mammary Gland: See Breast 
Manges, W. E.: Melanoma of small intestine, 22 
Marine, D.: Periarteritis nodosa-like lesions in rats 
fed thiouracil, 325 
Martland, H. S.: Importance of titles that accurately 
reflect subjects of articles, 132 
ee M. E.: Congenital glycogenic tumors of heart, 
6 
Morphologic studies of rats deprived of 
amino acids; phenylalanine, 294 
Mediasfinum, cysts and cystic tumors of, 153 
teratoma, 
Meinicke Reaction : 
Melanoma of small intestine, 22 
Meninges, diffuse meningeal fibroblastoma 
and spinal cord; report of 3 cases, 287 
vascular tumors of, 396 
Meningioma, angioblastic, 
angiomatous, 406 
Menkin, V.: Chemical basis of fever with inflamma- 
tion, 28 
Mercury, experimental nephropathies; renal phos- 
phatase after poisoning with mercury bichloride, 
uranyl nitrate and potassium dichromate, 133 
Merliss, R.: Primary tumor of heart, 74 
Metals: See also Mercury; etc. 
experimental nephropathies; method of producing 
controlled selective injury of renal units by 
means of chemical agents, 103 
Methyl Cellulose: See Cellulose 
Methylicholanthrene, healing of wounds in 
mice painted with 20-methylcholanthrene, 257 
genetic analysis of induction of tumors by; 2 muta- 
tions arising in mice following injection of 
methylcholanthrene, 232 
Miller, S. E.: Tularemia; report of laboratory infec- 
tion fatal on fifth day with early pulmonary 
involvement; autopsy, 388 


essential 


See under Tuberculosis 


of brain 


412 


skin of 


Mitchell, N.: Latent primary carcinoma of thyroid 
gland, 331 
Molds: See Fungi 
Monsters, ischiopagus tripus; report of 2 cases, 
142 
Paraphysial cyst of third ventricle, 


Moss, L. D.: 
184 


Mucous Membrane: See under Palate; etc. 

Mulligan, R. M.: Some endocrinologic considerations 
of canine neoplastic diseases, 162 

Muscles, proliferation of muscle cells in myometrium 
of nonpregnant uterus, 323 


Mutation: See Heredity 
Mycetoma, experimental reproduction of maduro- 
mycotic lesions in rabbits, 358 
Phialophora jeanselmei comb. n. from mycetoma 


of hand, 364 

Myeloma; myelomatosis, 206 

Myelomalacia: See Spinal Cord 

Myocardium: See Heart 

Myoma, proliferation of muscle cells in myometrium 
of nonpregnant uterus, 323 

Myometrium: See Uterus 
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Necrosis: See under Pancreas 
Negri Bodies: See Rabies 
Negroes, esophageal carcinoma in British West Indian 







































and Panamanian Negroes; study of incidence, 
etiologic factors and pathologic anatomy in 50 
cases, 79 

Neoplasms: See Sarcoma; Tumors 


Nephritis: See also Kidneys, diseases 
studies on pathogenesis of glomerulonephritis; pro- 
duction of autoantibodies to kidney in experi- 
mental animals, 148 
Nephropathy: See under Kidneys 
Nephrosis: See Kidneys, diseases; Nephritis 
Nerves: See Nervous System 
Cells: See Neurons 
Nervous System: See also Brain; Cerebellum; Spinal 
Cord; etc. 
morbid anatomy of typhus as 
Guatemalan epidemic; observations 
226 
morphologic alterations of neuron 
invasion, 221 
Neurenteric Canal, presacral cyst apparently arising 
from neurenteric canal in newborn infant, 265 
Neurohypophysis: See Pituitary Body 
Neurons, morphologic alterations of neuron 
tumor invasion, 221 
Neutropenia: See Agranulocytosis 
Newborn Infants, presacral cyst apparently arising 
from neurenteric canal in, 265 
Nomenclature, classification of tumors of kidney, 
37 
Noran, H. H.: 
malformations, 


Obituaries : 
Arkwright, Joseph, 131 
Carrel, Alexis, 66 
Grill, John C., 280 
Ledingham, John, 66 
Sachs, Hans, 350 


Occupational Diseases: See Industrial 
Odom, G. L.: Morphologic alterations 
due to tumor invasion, 221 
Ontogeny: See Evolution 
Orban, B.: Acute agranulocytosis; microscopic study 
of ulceronecrotic gingiva and of bone marrow 
in case, 369 
Organs, morphologic studies of rats deprived of essen- 
tial amino acids; phenylalanine, 294 
Osler’s Disease: See Telangiectasia 
Ossification: See under Cartilage 


a 


seen in recent 
on disease, 


due to tumor 


due to 


Intracranial vascular and 


393 


tumors 


Diseases 
of neuron 


Palate, adenomyoepithelioma (cylindroma) of palatal 
mucous glands, 96 
Pancreas, necrosis in 
Panniculitis, fatal, 42 
Parkes Weber-Christian Disease: See Panniculitis 
Pastes, effects of abortifacient paste (“‘utra-jel’’) ; 
report of death from its use and of experimental 
study of its effects on rabbits and rats, $1 
Pectin atheromatosis, 120 
Periarteritis nodosa, 211 
nodosa-like lesions in rats fed thiouracil, 325 
nodosa producing aneurysm of renal artery and 
hypertension, 274 
Pericardium, pericardial celomic cysts, 155 
Permanente Foundation Hospital Fellowship, 350 
Phenylalanine, morphologic studies of rats deprived 
of essential amino acids, 294 
Phialophora: See Fungi 
Phosphatase, experimental nephropathies; renal phos- 
phatase after poisoning with mercury bichloride, 
uranyl nitrate and potassium dichromate, 133 
Phylogeny: See Evolution 
Pituitary Body, metastatic tumors, 348 
neoplastic diseases of human hypophysis, 343 
Pituitary Preparations, combined effects of estrogen 
and anterior hypophysial extract on skeleton 
of growing mouse, 381 
Plotz; Ella Sachs Plotz Foundation, 131 
Pneumonia, chronic exudative and indurative pneu- 
monia due to inhalation of shellac, 281 
*Poikilocytosis in dairy cattle, 351 
Poisons and Poisoning: See also under names of 
specific substances, as Mercury; Saponin; etc. 
experimental nephropathies; method of producing 
controlled selective injury of renal units by 
means of chemical agents, 103 


electric shock, 9 
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Pollak, 0. J.: Attempts to produce cerebral athero- 

sclerosis, 16 
Correiation between chemical and morphologic 

alterations in experimental atherosclerosis, 11 

Pollen: See Anaphylaxis and Allergy; etc. 

Potassium dichromate; experimental nephropathies; 
renal phosphatase after poisoning with mercury 
bichloride, uranyl nitrate and potassium di- 
chromate, 133 

Price, A. H.: Periarteritis nodosa producing aneu- 
rysm of renal artery and hypertension, 274 

Prizes: See Awards 


Rabies, histologic diagnosis of, 279 
Radiations: See also Roentgen Rays; and under 
names of various diseases 
changes in uterus after eradication of endometrial 
adenocarcinoma by radiotherapy with reference 
to infarct-like radionecrotic plaque in lining, 


Radiotherapy: See Radiations 

Reid, J. T.: Poikilocytosis in dairy cattle, 351 

Rendu-Osler Disease: See Telangiectasia 

Reproduction, grants for work on problems of, 131 

Reticuloendothelial System: See Anemia; Liver; etc. 

Retina, Lindau’s (von Hippel’s) disease, 411 

Roentgen Rays: See also Kadiations 

myelomalacia of cervical portion of spinal cord, 

probably result of roentgen therapy, 109 

Roentgenotherapy: See under names of diseases 

Russell, H. B.: Chronic exudative and indurative 
pneumonia due to inhalation of shellac, 281 


Sacrococcygeal Region, presacral cyst apparently 
arising from neurentéric canal in newborn in- 
fant, 265 

Saphir, O.: Theory of transposition of arterial trunks 
based on phylogenetic and ontogenetic develop- 
ment of heart, 172 

Saponin poisoning and hypercholesteremia, 131 

Sarcoma: See also Angiosarcoma; Tumors; etc. 

infectious or venereal, 168 

Schistosomiasis, role in etiology of cancer of liver 
in Chinese, 1 

Schlumberger, H. G.: 
2 cases, 142 

Schmitz, H. E.: Changes in uterus after eradication 
of endometrial adenocarcinoma by radiotherapy 
with reference to infarct-like radionecrotic plaque 
in lining, 237 

Sclerosis: See Arteriosclerosis 

Secretions, Internal: See Endocrine Glands 

Serum: See Blood 

Sickness: See Anaphylaxis and Allergy 

Sex, grants for work on problems of, 131 

Shapera, W.: Diffuse meningeal fibroblastoma of 
brain and spinal cord; report of 3 cases, 287 

Sheehan, J. F.: Changes in uterus after eradication 
of endometrial adenocarcinoma by radiotherapy 
with reference to infarct-like radionecrotic plaque 
in lining, 237 

Shellac, chronic exudative and indurative pneumonia 
due to inhalation of, 281 

Shock, Anaphylactic: See Anaphylaxis and Allergy 

Electric: See Electricity 

Silberberg, M.: Combined effects of estrogen and 
anterior hypophysial extract on skeleton of grow- 
ing mouse, 381 

Healing of wounds in skin of mice painted with 
20-methylcholanthrene, 257 

Silberberg, R.: Combined effects of estrogen and 
anterior hypophysial extract on skeleton of grow- 
ing mouse, 381 

Healing of wounds in skin of mice painted with 
20-methylcholanthrene, 257 

Simonds, J. P.: Experimental nephropathies; method 
of producing controlled selective injury of renal 
units by means of chemical agents, 108 

Experimental nephropathies; renal phosphatase 
after poisoning with mercury bichloride, uranyl 
nitrate and potassium dichromate, 133 

Sinus Pericranii: See Cranium 

Skeleton: See under Bones 

Skin, healing of wounds in skin of mice painted 
with 20-methylcholanthrene, 257 

Societies, American Association for Cancer Research, 
131 


Ischiopagus tripus; report of 


Federation of American Societies for Experimental 
Biology, 131 
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Societies—Centinued 
Public Health Cancer Association, 66 
Society of American Bacteriologists, 131 
Specimens, new hemoglobin stain for histologic use ; 
slightly modified Van Gieson stain, 49 
Spinal Cord: See also Meninges; Nervous System; 
etc. 
diffuse meningeal fibroblastoma of brain and spinal 
cord; report of 3 cases, 287 
myelomalacia of cervical portion of spinal cord, 
probably result of roentgen therapy, 109 
Stains and Staining, new hemoglobin stain for histo- 
logic use; slightly modified Van Gieson stain, 
49 


Stern, K.: Morphologic alterations of neuron due to 
tumor invasion, 221 
Stevenson, L. D.: Myelomalacia of cervical portion 
of spinal cord, probably result of roentgen 
therapy, 109 
Stewart, H. C.: Diffuse meningeal fibroblastoma of 
brain and spinal cord; report of 3 cases, 287 
Stomach: See also Gastrointestinal Tract 
gastric cysts, 158 
Straus, R.: Effects of abortifacient paste (“utra- 
jel’); report of death from its use and of 
experimental study of its effects on rabbits and 
rats, 91 
Primary tumor of heart, 74 
Streptococci, experimental hypertension; its produc- 
tion in dogs by intravenous injection of strepto- 
cocci, 81 
studies on pathogenesis of glomerulonephritis; pro- 
duction of autoantibodies to kidney in experi- 
mental animals, 148 
Strong, L. C.: Genetic analysis of induction of tu- 
mors by methylcholanthrene; 2 mutations arising 
in mice following injection of methylcholanthrene, 
232 
Sturge-Weber Disease: See Angioma 
Sulfonamides, pathology of anaphylaxis due to sulfon- 
amide drugs, 301 
Suprarenals: See Adrenals 
Sutton, J. B.: Presacral cyst apparently arising 
from neurenteric canal in newborn infant, 265 
Symmers, D.: Experimental reproduction of maduro- 
mycotic lesions in rabbits, 358 
Syphilis: See under names of organs, regions and 
diseases 


Telangiectasia, 397 
Teratoma, epidermoid cyst and dermoid cyst, 153 
mediastinal, 113 

Thesaurosis: See Cellulose 

Thiouracil, periarteritis nodosa-like lesions in rats 
fed thiouracil, 325 

Thompson, E. C.: New hemoglobin stain for histo- 
logic use; slightly modified Van Gieson stain, 
49 


Thorax: See Heart; Lungs; Mediastinum; etc. 
Thyroid, hypothyroidism, 128 
latent primary carcinoma of thyroid gland, 331 
Tissue: See Cells 
Adipose: See Fat 
Titles, importance of titles that accurately reflect 
subjects of articles, 132 
Tomlinson, W. J.: Esophageal carcinoma in British 
West Indian and Panamanian Negroes; study of 
incidence, etiologic factors and _ pathologic 
anatomy in 50 cases, 79 
Towne, J.: Changes in uterus after eradication of 
endometrial adenocarcinoma by radiotherapy with 
reference to infarct-like radionecrotic plaque in 
lining, 237 
Tuberculosis and bronchial asthma, 338 
Tularemia, report of laboratory infection fatal on 
fifth day with early pulmonary involvement; 
autopsy, 388 
Tumors : See also Adenocarcinoma; Adenoma; 
Angioma; Glioma; Lymphangioma; Melanoma ; 
Sarcoma; Teratoma; and under names of organs 
and regions, as Breast; Cranium; Heart; Kid- 
neys; Meninges; Pituitary Body; etc. 
classification; intracranial vascular tumors and 
malformations, 394 
classification of tumors of kidney, 37 
epidermoid cyst, dermoid cyst and teratoma, 153 
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Tumors—Continued 
genetic analysis of induction of tumors by methyl- 
cholanthrene; 2 mutations arising in mice fol- 
lowing injection of methylcholanthrene, 232 
morphologic alterations of neuron due to tumor in- 
vasion, 221 
some endocrinologic considerations of canine neo- 
plastic diseases, 162 e 
Typhus, morbid anatomy as seen in recent Guatemalan 
epidemic ; observations on disease, 226 


Ultraviolet Rays: See Radiations 

Uranyl nitrate; experimental nephropathies; 
phosphatase after poisoning with 
chloride, uranyl nitrate and 
chromate, 133 

Urinary Tract: See Kidneys 

Uterus, changes after eradication of endometrial 
adenocarcinoma by radiotherapy with reference 
~ infarct-like radionecrotic plaque in lining, 

effects of abortifacient paste (‘‘utra-jel’’);: report 

of death from its use and of experimental study 
of its effects on rabbits and rats, 91 


renal 
mercury bi- 
potassium di- 
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Uterus—Continued 
proliferation of muscle cells in myometrium of non- 
pregnant uterus, 323 
Utra-Jel: See Abortion 


Wallace, J. E.: 
bronchus, 47 

Weber-Christian Disease: See Panniculitis 

Weber-Sturge Disease: See Angioma 

Wilson, L. A., Jr.: Esophageal carcinoma in British 
West Indian and Panamanian Negroes; study 
of incidence, etiologic factors and pathologic 
anatomy in 50 cases, 79 

Wilson, S. J.: Mediastinal teratoma, 


Two cases of congenital web of 


113 


Wood, Francis Carter, unveiling of portrait of, 
9 


Work, local hydrostatic hypertension; physical labor 
and static and gravitational factors, 56 
physical labor and hypercholesteremia, 131 
Wounds, healing in skin of mice painted with 20- 
methylicholanthrene, 257 


Xanthoma, hypercholesteremia and tuberous xanthoma- 
tosis, 127 


Xanthomatosis: See Xanthoma 
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